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A  meeting  of  the  Council  was  held  at  the  Electrical  Club,  14 
J^ark  Place,  New  York,  on  Friday,  January  10,  1908. 

The  monthly  report  on  finances  was  given  by  the  Secretary, 
and  was  received  with  approval  iby  the  Council. 

A  report  of  the  Finance  Committee  followed,  from  which  it  was 
shown  that  the  Society  has,  at  the  end  of  the  fiscal  year  1907,  a 
surplus  of  a  few  hundred  dollars,  instead  of  a  deficit  as  was  orig- 
inally feared. 

The  Advertising  Committee  gave  a  brief  outline  of  the  plans 
])rop()sed  to  carr}-  out  in  the  work  of  advertising  for  the  coming 
year,  and  was  authorized  by  the  Council  to  proceed  along  the  lines 
indicated  in  the  report. 

A  report  of  the  Chairman  of  the  Committee  on  New  Sections 
stated  that  the  plans  for  organizing  sections  of  the  Society  in 
Los  Angeles  and  San  Francisco  had  not  yet  been  successful. 

A  letter  was  read  from  the  secretary  of  the  American  Institute 
of  Electrical  Engineers,  extending  an  invitation  to  the  Illuminat- 
ing Engineering  Society  to  be  officially  represented  at  the  Me- 
morial Exercises  in  honor  of  Lord  Kelvin,  which  were  to  be 
held  on  January  12.  Dr.  C.  H.  Sharp,  Dr.  A.  H.  Elliott,  Messrs. 
L.  B.  Marks,  V.  R.  Lansingh,  W^D'A.  Ryan,  and  Arthur  Williams 
were  named  as  the  representatives  of  the  Society  on  this  occasion, 
and  the  secretary  was  requested  to  send  due  reply  to  the  secretary 
of  the  Institute. 

The  secretary  read  before  the  Council  a  communication  in  the 
form  of  a  preamble  and  a  set  of  resolutions  bearing  date  of  De- 
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cember  18,  1907,  received  from  the  Pittsburg  Section  and  signed 
by  L.  T.  Kiefer,  Secretary,  to  the  eiTect  that  the  members  of 
the   Pittsburg  Section  had  taken  formal  action  to  disband  that 

Section. 

A  report  of  the  meeting  of  the  Executive  Committee,  held  on 
Tanuarv  2  to  consider  this  question,  was  read,  and  was  received 
with  approval  by  the  Council. 

A  motion  was  made,  and  unanimously  carried,  that  Mr.  G.  B. 
Griffin,  Vice-President  of  the  Society,  representing  the  Pittsburg 
Section,  be  appointed  a  Committee  of  One  to  investigate  the 
matter  of  the  discontinuance  of  the  Pittsburg  Section,  and  that 
the  Secretary  furnish  Mr.  Griffin  with  whatever  correspondence, 
etc.,  he  may  require  to  accomplish  his  investigation. 

The  Secretary  reported  that  eighteen  applications  had  ibeen 
received  and  had  been  duly  approved  by  a  committee  on  member- 
ship. Upon  motion  being  made  and  carried,  the  applicants  re- 
ferred to, were  declared  elected.     They  are  as  follows: 

Allen,   H.   E.,   Electrical  Testing  Laboratories,  Harrison,   N.   J. 
Ash  MEAD,  John,   Bureau  of  Lamps   and  Gas,   Dept.  Water   Supply,   Gas 
and  Electricity,  New  York. 

Bray,  Walter  J.,  Electrical  Testing  Laboratories,  8oth  St.  and  East  End 

Ave.,   New  York. 
Brooks,  W.  T.,  Sterling  Bronze  Co.,  New  York,  N.  Y. 
Hunter,  James  F.,  Consolidated  Gas  Co.,  4  Irving  Place,  New  York. 
]\Iartl\s,  W.  F.,  Westinghouse  Elec.  &  Mfg.  Co.,  11  Pine  St.,  New  York. 
Promecene,  Joseph  H.,  Edison  Elec.  Illuminating  Co.,  Brooklyn,  N.  Y. 
Spknckr.  W.  }].,  associated  witli  T.  P.  Frink,  551  Pearl  vSt.,  New  Vork. 
WoHLAUER,  Alfred  A.,  500  Fifth  Ave.,  New  York. 

Beakdslev,  Daniel  H.,  superintendent  Citizens'  Electric  Co.,  Battle  Creek, 
Mich. 

Bowman,    Claude    A.,    House    Electrician,    Armour    Institute    of    Tech- 
KowM.\x,  CL.\ur)H;  A.,  house  electrician,  Armour  Institute  of  Technology, 
Chicago,  111. 

Rogers,  Gardner,  15-17  South  Fifth  St.,  Minneapolis,  Minn. 
ScHWKiTZKK,  IvD.MiNi)  O.sc.AK,  Conuuonwealth  Kdison  Co.,  Chicago,  111, 
SCHW.VI5,  Foils  A.,  president.  Monnrch  Klec.  tK:  Wire  Co..  Chicago,  111, 
Nash,  L.  R.,  engineer,  Stone  &  Webster,  147  Milk  St.,  Boston,  Mass. 
Ten   Eyck,  W.   F..  General  Electric  Company,  East  Boston,   Mass. 

Thompson,   G.   L.,   General   Electric   Co.,   11 18  Witherspoon   Bldg.,    Phila- 
delphia, Pa. 

Quackenbush,  Charles   H.,   Manager,   St.   Clair  County   Gas  &  Electric 

Co.,    East    St.    Louis,    111. 
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CHICAGO  SECTION. 

A  meeting  of  the  Chicago  Section  was  held  on  December  12  in 
the  breakfast  room  of  the  Grand  Pacific  Hotel.  At  this  meeting 
]\Ir.  J.  C.  Cravath  described  the  engineering  work  done  in  con- 
nection with  the  proposed  lighting  of  Dearborn  Street,  Chicago. 
Mr.  F.  J.  Pearson  described  the  plans  wdiich  had  been  made  for 
the  park  commission  for  boulevard  lighting  in  Chicago,  and  dis- 
cussed the  proper  placing  of  flaming  arc  lamps. 

A  meeting  of  the  Section  was  held  at  the  Coliseum  Electrical 
Show  in  Chicage,  January  17.  Chairman  George  C.  Keech  pre- 
sided. The  subject  of  the  meeting  was  "The  Gas  and  Electric 
Lighting  of  Apartments  and  Small  Houses."  The  discussion  was 
opened  by  Mr.  George  H,  Jones,  of  the  Commonwealth  Edison 
Company,  who  read  a  description  of  the  electrical  features  of  the 
''House  Electrical"  which  his  company  had  erected  in  the  Elec- 
trical Show  to  furnish  to  the  public  examples  of  electric  lighting 
and  the  use  of  other  electrical  appliances.  The  discussion  was 
participated  in  by  Messrs.  Albert  Scheible,  E.  W.  Lloyd,  W.  R. 
Bonham,  J.  R.  Cravath,  G.  H.  Stickney,  Ludwig  Kemper, 
J.  M.  Strasser,  W.  R.  Putnam,  H.  V.  von  Hoist,  C.  R.  Gil- 
man,  C.  A.  Howe,  and  others.  Members  of  the  Northwestern 
Electrical  Association,  who  were  visiting  the  Electrical  Show^  on 
that  day,  w^ere  invited  to  the  meeting. 

The  election  of  officers  for  the  Section  for  1908  resulted  as 
follows : 

Chairman,  J.  R.  Cravath. 

Managers,  Frederick  J.  Pearson,  H.  V.  von  Hoist. 

Secretary,  George  H.  Jones,  Commonwealth  Edison  Company, 
Chicago,  111. 

The  attendance  at  this  meeting  w^as  about  too. 

NEW    YORK   SECTION. 

A  meeting  of  the  Xew  York  Section  was  held  on  December 
12,  when  the  paper  by  Bassett  Jones,  Jr.,  entitled  "The  Rela- 
tion of  Architectural  Principles  to  Bluminating  Engineering 
Practice,"  was  read  and  discussed.  This  paper  is  published  else- 
where in  this  issue. 

A  meeting  of  the  New  York  Section  was  held  on  January  9, 
when  a  paper  by  Dr.  H.  H.  Seabrook,  entitled,  ''Effects  of  Light 
Practice,"  w^as  read  and  discussed. 
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At  this  meeting-  the  following  section  officers  were  elected: 
Chairman.  W.  \\\  Freeman. 
Managers,  \V.  Cullen  Morris,  Albert  Wahle. 
Secretary,   Preston  S.   Millar,  Eightieth   Street  and  East  End 
Avenue,  Xew  York  city. 

NEW    ENGLAND    SECTION. 

A  meeting  of  the  New  England  Section  was  held  on  December 
i8,  when  a  paper  entitled  "The  Variables  of  Illuminating  Engin- 
eering," by  Professor  William  L.  Puffer,  was  read  and  discussed. 
This  paper,  with  the  discussion,  is  published  elsewhere  in  this 
issue. 

At  a  meeting  of  the  New  England  Section,  held  on  January  14, 
the  following  Section  officers  were  elected: 

Chairman,  J.  S.  Codman. 

Managers,  W.  H.  Blood,  Jr.,  T.  H.  Piser. 

Secretary,  R.  C.  Ware,  24  West  Street,  Boston,  Mass. 

PITTSBURG    SECTION. 

A  meeting  of  the  Pittsburg  Section  was  held  on  December  18, 
when  a  paper  entitled  ''Fixture  Design  from  the  Standpoint  of 
the  Illuminating  Engineer,"  by  V.  R.  Lansingh  and  C.  W.  Heck, 
was  read  and  discussed.     This  paper  appeared  in  the  November 

and  December  issues  of  the  Transactions. 

PHILADELPHIA    SECTION. 

A  meeting  of  the  Philadelphia  Section  was  held  on  Decem- 
20,  when  a  paper  by  H.  Clyde  Snook,  entitled  "The  Spectrum," 
was  read  and  discussed.  The  author  described  the  indulatory 
theory  of  light  and  showed  the  physiological  efifect  produced 
by  the  colors,  of  the  spectrum.  The  paper  was  illustrated  by 
lantern  slides. 

A  meeting  of  the  Section  was  held  on  January  17,  when  the 
following  officers   were  elected   for  the   ensuing  year: 

Chairman,  C.  O.  Bond. 

Managers,  II.  D'Olier,  Jr.,  T.  T.  Little.  Jr. 

Secretary,  J.  D.  Israel,  Tentli  and  Chestnut  Streets,  Phila- 
delphia,  Pa. 

ANNUAL    MEETING. 

The  annual  meeting  of  the  Society  was  held  in  the  rooms  of 
the  Electrical  Club,  New  York  city,  on  January  10.     Dinner  was 
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served  at  6:30  p.  ni.,  and  immediately  afterward,  President  Clay- 
ton H.  Sharp  opened  the  meeting,  and  reports  were  read  by  the 
Secretary,  by  the  Finance  Committee,  and  by  the  Advertising 
Committee. 

The  chief  point  of -interest  was  the  report  of  the  Finance  Com- 
mittee which  shows  that  the  Society  has  come  out  at  the  end  of 
the  year  with  a  snrplns  of  a  few  hundred  dollars,  instead  of  a 
deficit,  as  was  originally  feared  by  this  Committee.  The  report, 
which  shows  that  this  surplus  is  due  to  the  advertising^  in  the 
Transactions,  and  makes  a  strong  plea  for  an  increase  of  member- 
ship, will  be  published  in  the  next  issue. 

The  Advertising  Committee's  report  shows  that  about  $800 
have  been  received  during  the  past  year  from  the  advertising  in 
the  Transactions.  It  was  announced  in  this  report  that  the  adver- 
tising had  been  taken  out  of  the  hands  of  a  paid  solicitor,  and 
placed  in  charge  of  an  Advertising  Committee  of  five,  one  mem- 
ber to  represent  each  section  of  the  Society.  The  Committee 
hopes  by  its  management  to  make  the  advertising  in  the  Transac- 
tions the  place  to  look  for  the  very  latest  developments  along 
the  lines  of  illumination. 

President  Sharp  then  gave  a  brief  address  on  the  afifairs  of 
the  Society.  Following  this,  the  report  of  the  Committee  of  Tell- 
ers was  read,  which  announced  that  the  following  officers  for  the 
3'ear  1908  had  ibeen  elected: 

President,  Dr.  Louis  P)ell. 

Vice-Presidents,  Arthur  Williams,  New  York;  C.  E.  Stephens, 
Pittsburg. 

Directors,  W.  H.  Gartley,  M.  K.  Eyre,  Bassett  Jones,  Jr. 

General  Secretary,  A".  R.  Lansingh. 

Treasurer,  Dr.  A.  H.  Elliott. 

Dr.  Sharp  then  intnxluced  the  new  President,  Dr.  l^cll,  who 
responded  with  an  optimistic  address,  outlining  his  reasons  for 
holding  that  the  Society  has  a  great  future  before  it,  and  stating 
that  it  was  essential  among  other  things,  to  increase  rapidly  the 
membership.  There  followed  a  broad  discussion  on  general  af- 
fairs of  the  Society,  after  which    the  meeting  adjourned. 


J.  A.  LEWIS. 

J.  A.  Lewis  was  born  on  a  farm  in  Ohio,  where  he  spent  his 
boyhood.  In  early  childhood  he  exhibited  a  great  fondness  for 
acquiring  knowledge.  He  is  remembered  as  a  youth  who  excelled 
all  others  in  his  studies  at  the  village  school.  At  the  age  of  fif- 
teen he  was  thrown  upon  his  own  responsibilities,  and  he  went 
to  Kansas  where  he  worked  on  a  faim,  taught  school  and  attended 
the  state  agricultural  college.  Here  his  leadership  and  mastery 
of  his  studies  easily  marked  him  as  one  of  the  ablest  members 
of  his  class.  After  his  graduation  from  the  Kansas  Agricultural 
College  he  entered  the  University  of  Michigan,  from  which  he 
later  received  the  degree  of  civil  enginer.  For  the  remaining 
nineteen  years  that  he  lived  he  was  engaged  in  -engineering  work 
and  resided  mainly  in  Chicago.  He  was  a  hard  w^orker  and 
constant  student,  who  acquired  a  wide  range  of  knowledge.  With 
quiet  habits  and  modest  manners  he  lived  a  simple  life,  and  suf- 
fered mucli  and  long  with  an  affliction  of  which  he  never  com- 
plained. 

JOSEPH  M.  MAHONEY. 

Joseph  M.  Mahoxey  was  a  graduate  of  the  Massachusetts 
Institute  of  Technology,  of  the  class  of  T897,  i"  electrical  engin- 
eering, and  was  identified  with  the  electrical  profession  until  his 
death,  August  21,  1907,  at  thirty-three  years  of  age.  After  gradu- 
ating from  the  Massachusetts  Institute  of  Technology  he  was 
employed  by  the  Boston  Elevated  Railroad  in  some  of  the  power 
houses,  having  in  charge  the  electrical  apparatus  of  the  various 
plants.  He  was  then  made  superintendent  of  the  construction  de- 
partment of  an  electrical  concern  for  deriving  power  from  the 
wind,  by  means  of  windmills,  and  using  storage  batteries  for 
the  storage  of  current  when  the  wind  was  strong,  and  for  deliv- 
ering current  when  there  was  no  wind.  From  the  above  con- 
cern he  entered  the  wire  department  of  the  city  of  Boston 
as  inspector,  where  he  remained  for  nearly  eight  years,  umi! 
his    death.      He    was   always   upright    and   honorable,   and   was 
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held  in  the   highest  esteem  by  his   fellow    workmen,   colleagues 
and  acquaintances. 

AUGUSTINE  SHEPPARD  MALLORY. 

Augustine  Sheppard  Mallory,  who  passed  away  the  morning 
of  August  9,  was  in  every  best  sense  of  the  term  a  self-made 
man.  He  was  born  in  Charlotte,  N.  C,  April  26,  1871,  which 
place  had  hardly  then  even  commenced  to  feel  relief  from  the 
stress  of  civil  war.  At  an  early  age  he  took  service  with  Leddell 
&  Co.,  of  Charlotte,  and  in  1891  he  removed  to  Philadelphia, 
and  shortly  thereafter  entered  the  service  of  R.  D.  Wood  &  Co., 
acting  in  the  capacity  of  field  engineer.  Later  on  he  became 
attached  to  the  engineering  division  of  the  Mutual  Gas  Light 
Company,  of  the  city  of  New  York.  He  later  became  attached 
to  the  engineering  staff  of  Bartlett,  Hay  ward  &  Co.,  of  Balti- 
more, and  at  the  time  of  his  death  he  was  superintendent  of 
construction  and  resident  engineer  of  that  corporation.  In  1896 
he  was  married  to  Miss  Gertrude  A.  Wunder,  of  Germantown, 
who  survives  him,  as  does  his  father,  Wm.  A.  Mallory.  He 
was  widely  and  favorably  known  in  the  gas  works  construction 
circles  of  the  country. 

W.  J.  PHELPS. 

W.  J.  Phelps,  vice-president  of  the  Phelps  Company.  De- 
troit, Mich.,  died  at  Grace  Hospital,  Detroit,  Mich.,  at  half-past 
three,  Tuesday  afternoon,  September  3.  Mr.  Phelps  was  one  of 
the  best-known  lamp  manufacturers  in  the  country,  and  a  wide 
circle  of  friends  and  acquaintances  will  join  the  bereaved  family 
in  mourning  his  demise.  He  was  a  man  of  peculiarly  lovable  dis- 
position, made  friends  in  every  walk  of  life,  and  the  genuine 
evidence  of  sterling  character  with  which  he  always  impressed 
even  a  casual  acquaintance  endeared  him  to  those  who  had  the 
opportunity  of  becoming  well  acquainted.  William  Joshua  Phelps 
was  born  in  Elm  wood,  111.,  November  19,  1866.  He  was  a  grad- 
uate of  Knox  College,  Galesburg,  111.,  and  was  a  member  of  the 
Illinois  Delta  of  Phi  Delta  Theta  fraternity.  He  was  an  electrical 
engineer  and  inventor.  The  best-known  and  most  useful  of  his 
inventions  was  the  "Hylo"  lamp,  which  he  manufactured  in  its 
various  forms.  Mr.  Phelps  is  credited  with  being  the  originator 
of  the  turn-down  lamp  art,  which  is  proving  to  be  an  extensive 
business.  He  was  also  the  inventor  of  the  motorless  flasher,  which 
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has  proved  to  be  of  g-reat  use  in  the  electrical  advertising  field. 
He  was  a  member  of  the  American  Institute  of  Electrical  Engi- 
neers, the  American  Society  for  the  Advancement  of  Science,  the 
Illuminating  Engineering  Society  and  the  Detroit  Engineering 
Society.  He  is  survived  by  a  widow  and  tw^o  children,  his  father 
mother,  and  a  brother  and  sister.  Mr.  Phelps  had  undergone  a 
radical  mastoid  operation  at  Grace  Hospital  several  weeks  ago, 
and  was  in  a  fair  way  to  recover.  On  August  31  he  complained 
of  severe  pains  in  his  head,  and  during  the  morning  fell  into  a 
coma,  from  which  he  never  aroused.  The  cause  of  death  appears 
to  have  been  inflammation  of  the  membranes  surrounding  the 
brain.  The  interment  w^as  made  on  Friday,  September  6,  in 
Springdale  Cemetery,  Peoria,  111. 


THE  RELATIOX  OF  ARCHITECTURAL  PRINCIPLES  TO 
ILLUMINATING  ENGINEERING  PRACTICE.^ 


By  Bassett  Jones,  Jr.,  Member. 


(1)  Successful  illumination  of  structures  making  an  appeal 
to  the  sense  of  beauty  requires  a  more  or  less  developed  sympathy 
with  the  aesthetic  qualities  of  the  design.  I  hope  to  make  the  im- 
portance of  this  statement  reasonably  evident.  But  before  we 
attack  the  subject  proper,  I  think  it  necessary  to  come  to  some 
clear  understanding  of  what  is  meant  by  the  aesthetic  qualities 
of  a  design. 

(2)  The  engineer  has,  unfortunately,  little  opportunity  of 
learning  to  appreciate  beautiful  things,  and  his  limitation  in  this 
regard  often  leads  him  unduly  to  accent  what  he  terms  "practical 
considerations."  He  sometimes  forgets  that  there  is  an  essen- 
tially pragmatic  purpose  at  the  basis  of  all  true  art,  and  that  the 
aesthetic  emotions  are  increasingly  important  as  man  reaches  the 
higher  stages  of  mental  development. 

(3)  We  must  remember  that  the  ancient  civilizations,  by  a 
path  of  almost  pure  intellectual  evolution  in  philosophy  and  aes- 
thetics, attained  a  plane  of  intelligence  in  some  respects  higher  than 
that  reached  by  the  most  advanced  of  modern  peoples.  To  the 
early  Greeks,  improvement  in  artistic  method  was  of  as  great 
practical  importance  as  any  advance  in  scientific  discovery  is  to 
ourselves.  The  word  "practical"  is  essentially  relative  in  its  mean- 
ing, and  there  is  grave  danger  in  giving  it  but  a  one-sided  appli- 
cation. The  downfall  of  the  ancient  races  was  due,  fundamentally, 
to  a  disregard  of  any  but  abstract  principles.  But  whether  a 
failure  to  recognize  the  importance  of  these  same  principles  will 
be  equally  destructive,  only  the  pendulum  of  history  can  decide. 

(4)  Aly  chief  purpose  in  this  paper  is  to  show  that  the  illumi- 
nating engineer  who  considers  only  the  scientifically  practical  side 
of  the  profession  is  necessarily  doomed  to  ultimate  failure,  for  he 
will  not  be  able  to  obtain  the  recognition  that  the  importance  of 
his  work  deserves.  Our  Society  and  our  profession  are  young, 
and   it   seems   to  me   that   a   word   of   warning  is  needed,   or   ill- 


1  Read  before  tlie  New  York  .Section,  December  12. 
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directed  enthusiasm  is  likely  to  sweep  us  off  our  feet.  We  should 
studv  the  limitations  under  which  we  must  work,  and  be  guided 
by  them. 

(5)  To  attempt  to  plunge  at  once  into  a  discussion  of  archi- 
tectural principles,  without  any  consideration  of  their  basis  and 
genesis,  I  believe  would  be  quite  useless.  I  propose,  therefore, 
to  ask  your  attention  for  a  few  minutes  while  we  trace  the  mean- 
ing and  nature  of  "aesthetic." 

NATURE  OF   "AESTHETIC."^ 

(6)  When  we  view  a  magnificent  and  artistic  composition  for 
the  first  time,  it  produces  in  us  a  very  delicate  poise  between  the 
two  extremes  of  novelty  and  recognition.  In  many  ways  it  is  the 
same  as  more  familiar  objects,  and  yet  there  are  characters  about 
it  that  are  quite  new.  It  challenges  our  attention  as  the  hunter 
challenges  the  purely  organic  attention  of  the  young  fawn,  and 
the  whittling  down  of  this  contrast  between  repulsion  and  attrac- 
tion, or  curiosity,  if  you  will,  may  be  carried  as  far  as  the  artist's 
skill  permits. 

(7)  But  this  is  not  all.  The  challenge  of  novelty  is  merely 
the  entering  wedge.  The  attention,  aroused  to  a  high  pitch  of 
nervous  excitement,  must  find  its  release  in  a  discharge  one  way  or 
another,  and  if  the  balance  is  in  favor  of  interest,  the  result  will 
be  a  pleasurable  emotion.  What  then  are  the  emotions  which  the 
object  of  beauty  must  arouse? 

(8)  First,  and  primarily,  sympathy.  We  must  find  embodied 
in  the  object  the  expression  of  our  own  ideas  of  appropriateness 
and  fitness.  There  is  a  bond  of  temperament  between  the  artist 
and  ourselves.  He  has  expressed  an  idea  with  which  we  heartily 
agree.  The  artist  may  be  original  in  his  conception  only  so  far 
as  his  public  can  follow.  ''Originality  in  art,"  says  Baldwin,  "as 
in  everything  else,  is  an  affair  both  of  individual  endownnent  and 
thought,  and  of  social  recognition  and  confirmation." 

(9)  Sympathy,  like  any  other  emotion,  may  be  cither  organic 
or  reflective.     Organic  or  innate  sympathy  passes  into  reflective 

L— The  word  a'slhrlir  i.s  used  lu^rc  in  its  full  meaiiin,if  of  iniplying  the  fuudameutal 
natim;  of  tlie  hyperlogical  .judj?inent— a  judi^meut  of '  feeling  rather  thau  of  knowl- 
edge, where  cousciousness  of  the  contrast  between  self  and  ol)ject  is  lost  in  contem- 
plation. It  is  inadequately  expr(;ssed  by  tlie  sayinu  "  He  hfid  completely  forgotten 
liimself,"  as  in  the  presence  of  a  beautiful  painting.  To  tliose  whose  interest  leads 
them  to  tlie  desire  for  further  information  on  the  subject  I  would  suggest  a  study  of 
the  chapters  on  adaptation, syujpathy  and  emotion  in  "■'Menldl  Drrrlopmenr'  by  ,7.  Mark 
Baldwin,  and  the  ''Hislori/  o/  AcsUir/ic"  by  JJosauquet.  In  Ladd's  '' rsycholog}/'  (large 
edition)  there  is  a  very  suggestive  cliapter  on  'The  Aesthetic  Emotions^ 
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sympathy  when  the  relation  of  the  snbject  experiencing'  the  or- 
ganic emotion  to  the  stimuUis  becomes  a  fact  for  knowlcvlge. 
Thus,  the  mere  presence  of  a  beautiful  object  produces  appropriate 
pleasurable  reflexes  in  the  form  of  heightened  nervous  vitality, 
and  the  result  is  an  organic  attraction  toward  the  source  of  the 
pleasure-arousing  stimulus.  This  is  the  purely  organic  part  of 
the  aesthetic  sympathy.  When,  however,  there  is  a  distinct  effort 
made  to  increase  the  stimulus  by  appropriate  volitional  activity, 
either  through  imagination,  or  by  actual  objective  construction, 
sympathy  has  become  conscious  or  reflective.  Imagination  always 
precedes  the  objective  construction,  for  it  is  only  by  imagination 
that  we  can  conceive  how  the  pleasure-giving  object  may  be  im- 
proved upon  so  as  to  heighten  the  emotional  reflexes.  Imagina- 
tion, however,  proceeds  through  a  persistent  and  repeated  com- 
bination of  the  materials  of  memory  by  the  process  of  imitation. 
Memory,  and  therefore  an  extensive  familiarity  with  objects  of 
beauty,  plays  a  very  important  part  in  the  development  of  the 
aesthetic  sense. 

(10)  The  culture  of  the  imagination  is  of  great  importance 
for  the  appreciation  of  the  beautiful,  both  from  the  point  of  view 
of  the  artist  and  the  beholder.  The  artist  is  peculiarly  sensitive  to 
orders  of  form  and  color.  These  provide  the  basis  for  the  opera- 
tion of  his  imagination,  precisely  as  certain  orders  of  masses  and 
movements  furnish  the  stimulus  for  the  theorizing  imagination 
of  the  scientist.  He  then  seeks  to  give  material  reality  to  his 
ideas  through  the  best  means  at  his  command,  and  we,  his  public^ 
must  again  appeal  to  memory  for  its  development  and  meaning. 

(11)  Consider  the  exquisite  congruity  and  harmony  of  ideas 
in  the  following  passage  w^here  Shakespeare  draws  so  finely  upon 
his  experience  of  similarities  in  feeling: 

"Oh,  it  came  over  me 
Like  the  sweet  south  upon  a  bank  of  violets 
Stealing  and  giving  odors." 

(12)  Where  could  imagination  find  a  better  means  of  convey- 
ing the  emotion  aroused  by  sweet  music !  And  what  possible 
ineaning  could  the  thought  have  for  one  w^hose  memory  and  im- 
agination failed  him  in  filling  the  picture  ? 

(13)  The  novelty  of  a  new  aesthetic  experience  verges  closely 
upon  similarity,  and  the  degree  of  similarity  of  the  new  arrange- 
ment to  old  and  pre-established  orders  must  be  carefully  accented: 
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if  the  result  is  not  to  be  productive  of  painful  rather  than  pleasur- 
able emotion.  A  too  evident  imitation  of  familiar  historic  objects 
is  at  the  same  time  to  be  avoided,  for  there  is  then  no  challenge 
to  the  attention  and  the  feeling  of  recognition  is  at  once  termi- 
nated. A  very  interesting  example  of  this  form  of  suspended 
recognition  is  found  in  the  wonderful  finale  of  ''Tristan  and  Isol- 
de." where  the  sense  of  attunement  is  strangely  puzzled  bv  the  ap- 
parent lack  of  tonic  relation  between  the  chords.  The  musically 
ignorant  man  finds  nothing  but  a  meaningless  jumble  of  sounds. 
His  memory  fails  him  completely  and  the  strangeness  of  the 
sounds  repel  him.  On  the  other  hand,  the  attention  of  the  mu- 
sician is  strongly  aroused.  He  tries  to  fit  this  new  experience  to 
memory  after  memor}'.  Each  chord  is  familiar,  yet  the  harmony 
is  strange.  His  imagination  runs  riot,  until  with  the  closing 
measure  his  interest  is  satisfied  by  a  marvelous  resolution  into  the 
motives  of  bliss  and  peace. 

(14)  This  necessity  for  finding  a  similarity,  an  old  sensation 
of  pleasure  to  match,  through  which  the  novel  developments  may 
be  adapted  to  our  present  stock  of  aesthetic  memories,  has  given 
rise  to  the  schools  and  orders — unitary  systems  by  which  the  new 
in  art  may  be  apperceived.  There  is  a  fundamental  similarity  in 
all  the  features  of  each  period,  which  arouses  a  sense  of  rest.  The 
conception  is  not  upset  by  widely  sundered  feelings.  We  are  not 
called  upon  to  apperceive  two  such  different  objects  as  a  wrought- 
iron  bracket  on  a  Louis  Quatorze  panel.  But  the  readiness  with 
which  the  harmony  of  the  design  will  be  appreciated  is  much  a 
matter  of  previous  training.  The  artistically  ignorant  man  would 
not  notice  any  incongruity — nor  would  he  notice  the  congruity. 

(15)  The  emotions  of  peace  and  rest  are  directly  aroused  by 
harmony  of  proportions,  and  these,  too,  find  their  organic  basis 
in  the  pleasure-pain  contrast,  passing  into  the  feeling  of  security 
or  danger.  Familiarity  here  also  plays  an  important  part.  We 
feel  at  home  amid  scenes  for  which  our  memory  possesses  the 
key. 

(16)  The  emotion  is  again  the  feeling  of  the  reflex  organic 
activity  which  experience  instinctively  furnishes  as  appropriate 
to  the  occasion.  Continued  experience  of  this  contrast  between 
safe  and  unsafe  construction  is  the  basis  upon  which  the  imagina- 
tion builds  the  aesthetic  finalities  of  proportion,  but  the  genesis 
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of  the  emotion  is  greatly  obscured  and  complicated  by  overlapping- 
feelings  aroused  by  other  qualities  of  the  object. 

(17)  Proportion  may  also  be  deduced  from  the  interest  which 
the  object  holds  for  us.  The  meaning  of  an  object  which  has  no 
evident  order  in  its  arrangement  defies  detection,  and  repels 
rather  than  attracts  the  imagining  activities.  It  is  merely  a  chaos 
of  conflicting  terms.  But  if  the  attention  is  to  be  sustained — and 
this  is  essential  for  the  aesthetic  feeling — the  point  of  attraction 
must  not  be  too  evident.  Its  novelty  must  be  sufficient  to  resist 
immediate  memory  conversion.  It  must  compel  a  rearrangement 
of  our  store  of  experiences. 

(18)  The  organic  analogue  of  the  feeling  of  proportion  is 
found  in  a  concordant  and  orderly  change  in  the  somatic  or 
muscular  reflexes  which  the  stimulus  arouses.  There  is  no  sense 
of  disruptive  and  violent  alteration.  Thus,  the  pleasure  which  an 
easy  curve  excites  is  largely  due  to  the  sense  of  ease  and  abandon 
with  which  the  eye  muscles  follow  its  contour ;  while,  on  the 
other  hand,  the  right  line  demands  a  certain  amount  of  muscular 
effort  and  constraint. 

(19)  So  the  pleasure  of  the  dance  comes  fundamentally  from 
the  ease  and  restful  order  in  which  one  movement  follows  another. 
The  emotion  aroused  borders  closely  upon  the  aesthetic,  but  it  is 
difficult,  if  not  impossible,  to  draw  a  line  and  say  ''here  ends  mere 
organic  pleasure  and  begins  aesthetic  emotion." 

(20)  The  feeling  of  the  beautiful,  how^ever,  is  never  merely 
the  feeling  of  the  agreeable.  "For  the  perception  of  the  beautiful 
depends  on  three  things:  (a)  pleasure  attaches  to  form  and  not 
material  of  sensation,  (b)  the  object  must  be  recognized  as  im- 
plying relations  not  immediately  present,  (c)  there  must  be  some 
concordant  series  or  composite  of  agreeable  objects.  A  single 
tone  may  be  sensuously  agreeable;  an  aria  or  harmony  (series  or 
composite)  is  necessary  to  arouse  aesthetic  feeling.  A  single 
color  of  moderate  intensity  may  give  purely  organic  pleasure,  but 
it  takes  an  orderly  arrangement  of  shades  arid  colors  to  tickle  the 
imagination."^ 

(21)  This  very  inadequate  and  sketchy  outline  may  perhaps 
make  clear  to  us  the  basis  on  which  the  feeling  of  the  beautiful 
is  formed.  Evidently,  it  gathers  into  itself  the  end  and  aim  of 
every  emotion  of  which  organic  beings  are  capable.     In  all  walks 
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of  life  it  is  the  aesthetic  that  has  the  last  word.  The  merchant 
contemplating  the  success  of  his  schemes,  the  scientist  contem- 
plating the  progress  of  his  investigation,  the  artist  contemplating 
his  creations ;  in  all  we  find  expressed  the  feeling  of  beauty.  We 
ma}  even  appreciate  the  poet's  ecstasy  when  he  sang : 
"Beauty  is  truth,  truth  beauty. "^ 

(22)  So  much  for  the  abstract.  Beauty  is  divided  into  kinds, 
precisely  as  the  means  of  expression  are  themselves  divided,  and 
it  is  our  purpose  this  evening  to  discuss  briefly  the  beautiful  in 
architecture.  To  that  end  we  shall  now  apply  our  three  postulates 
above,  and  attempt  to  show  how  they  give  rise  to  the  principles 
of  architecture. 

THE    PRINCIPLES    OF    ARCHITECTURE. 

(23)  The  impulse  to  avoid  injurious  or  painful  stimuli  and 
prolong  pleasurable  stimuli,  is  the  foundation  of  all  organic  activi- 
ties. With  the  rise  of  consciousness  and  the  development  of 
volition  this  impulse  becomes,  we  may  almost  say,  the  fundamental 
purpose  in  life.  In  the  higher  reaches  of  mental  development  this 
purpose  makes  itself  evident  in  an  almost  infinite  variety  of 
attempts  so  to  modify  the  environment  that  its  pleasure-giving 
stimuli  will  be  greatly  in  preponderance  over  its  pain-giving 
stimuli.  Any  object  that  furthers  this  end  is  termed  "useful," 
whether  that  object  be  a  lead  pencil,  or  the  canvas  of  a  master. 
This,  the  utilitarian  purpose,  is  the  basic  actuating  principle  of  all 
our  beneficial  activities.  Distorted  and  misdirected  it  also  be- 
comes the  fundamental  source  of  evil. 

(24)  Architecture,  then,  primarily,  has  for  its  purpose  the 
provision  of  structures  designed  to  furnish  protection  from  the 
vicissitudes  of  climate,  and  the  fulfillment  of  this  purpose  alone  is 
sufficient  to  give  pleasure  of  a  very  elementary  sort.  The  require- 
ment of  familiarity  then  demands  of  the  architect  that  his  struc- 
tures shall  so  appeal  to  memory  as  to  make  evident  its  secondary 
purpose.  The  pleasure  is  not  in  the  puzzle,  but  in  its  solution. 
The  mind  instinctively  asks,  "What  is  the  thing  for?"  and  unless 
the  answer  is  forthcoming,  no  amount  of  grace  or  ornament  can 
overcome  the  ensuing  feeling  of  repulsion.  We  find  ourselves  in 
a  strange  place,  and  the  ruling  impulse  is  to  escape. 


1.— So  far,  illustrations  have  beeu  drawn  from  fields  removed  from  the  subject  of 
tliis  paper,  to  indicate  the  broadness  and  generality  of  the  principles  discussed. 
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(25)  The  tendency  to  make  every  useful  object  more  pleasing 
is,  as  we  have  noted,  fundamental  in  the  imagining-  activities  of 
the  mind,  and  there  naturally  results  an  effort  so  to  fashion  the 
object  that  while  it  still  serves  its  primary  utilitarian  purpose  it 
will  stimulate  the  senses  in  a  manner  conducive  to  the  greatest 
amount  of  pleasure  possible.  We  have  seen  that  this  effort  finds 
its  highest  expression  in  the  form  kjiown  as  aesthetic,  and  that 
the  perception  of  the  beautiful  makes  three  demands  upon  the 
object: 

(a)  The  sensations  aroused  by  the  object  shall  be  of  such  a 
form  that  they  may  be  readily  responded  to  by  the  organism  in  its 
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Fig.  1  — Old  English  Wall  Bracket. 


habitual  manner,  and,  therefore,  there  must  be  no  discontinuity 
or  suddent  alteration  in  their  tiow.  If  discontinuity  occurs,  the 
reason  for  it  must  be  evident,  and  natural.  Some  attractive  pro- 
vision must  be  made,  often  by  means  of  appropriate  ornament, 
so  that  the  mind  can  readily  bridge  the  gap.  Take,  as  an  example, 
the  old  English  wall  bracket  shown  in  Fig.  1.  Its  great  charm 
lies  in  an  exquisite  harmony  of  curves.  The  lines  generating  each 
part  sweep  into  one  another  without  break  or  raggedness.  The 
eye  follows  its  contours  with  pleasurable  ease.  Beauty  has  been 
added  to  usefulness  by  conceding  to  the  simple  demands  of  the 
visual  sense.     On  the  other  hand,  we  have  in  Fig.  2  a  discon- 
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tinuitv  in  lines  cleverly  bridged  by  decorative  ornament.  So  the 
architect,  in  designing  a  building,  must  contrive  its  featural  lines 
so  that  the  eye  can  follow  them  and  the  mind  perceive  them  in  a 
natural  and  unconstrained  manner. 

(b)   The  object  must  be  sufficiently  suggestive  in  its  aspect 
to  demand  some  efifort  of  the  imagination  in  discovering  its  full 


Fig.  2. — Showing  Clever  Use  of  Ornaments. 


meaning  and  relations  to  its  environment.  The  interior  shown  in' 
Fig.  3  finds,  perhaps,  its  greatest  aesthetic  effect  in  its  religious 
symbolism.  To  those  to  whom  the  appeal  can  be  made  it  suggests 
the  strength  and  mysticism  of  the  early  Christianity.  Its  feeling 
is  tense  with  the  exhalted  religious  spirit  of  its  builders.  It  has 
a  story  to  tell,  and  is  successful  because  it  is  full  of  imaginative 
suggestion.    It  carries  us  beyond  its  bare  objective  presence  to 
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Fig.  3.  -Westminister  Abbey  Choir,  Showing  Lighting. 
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a  realm  of  ideal  and  contemplative  construction,  that  transcends 
the  limits  of  actual  experience. 

(c)  The  several  parts  of  the  object  must  be  in  harmony.  This 
requires  that  the  parts  be  different,  while  at  the  same  time  the 
perception  of  each  part  must  lead  naturally  (with  smooth  organic 
flexes)  to  the  perception  of  the  next.  The  relations  between  the 
parts,  and  the  relation  of  each  part  to  the  whole  must  be  reason- 
ably evident.  ''Harmony,"  says  Hegel  aptly,  ''is  a  system  of  re- 
lations all  of  which  are  interior  accord."  The  relation  of  each 
part  to  its  corresponding  element  of  perception  in  the  mind  of  the 
beholder  has  its  physiological  analogue  in  the  train  of  sensation 
which  it  arouses.  If  the  sensations  clash,  then  the  perception  of 
disorder  becomes  evident  and  die  object  repels  rather  than  at- 
tracts.   The  question  of  proportion  here  becomes  predominant. 

(26)  The  requirement,  that  the  several  parts  of  the  object  or 
building  shall  arouse  concordant  sensations,  demands  that  the 
relations  between  the  several  parts  of  the  object  shall  be  apparent. 
The  technical  name  of  this  character  is  "proportion."  Its  import- 
ance cannot  be  over-estimated.  And  we  find  throughout  ancient 
classical  architecture  an  evident  attempt  to  carry  it  to  its  logical 
extreme.  No  artificial  object  was  considered  too  insignificant  to 
express  some  definite  proportional  relation.  Not  only  individual 
buildings,  but  whole  cities  were  laid  out  so  as  to  present  a  har- 
monious appearance.  The  City  of  Athens,  with  its  Acropolis,  was 
a  magnificent  example  of  the  application  of  the  law  of  proportion. 
And  similarly  in  painting,  the  effort  to  achieve  the  fullest  expres- 
sion of  harmony  in  color  and  tone  reached  its  climax  in  the  work 
of  Michael  Angelo. 

(27)  We  have  earlier  (§§  15,  16)  toiiched  upon  the  sense  of 
structural  proportion  aroused  by  experience  with  safe  and  unsafe 
construction,  and  it  only  remains  for  us  to  draw  conclusions  in 
the  light  of  our  study  of  the  memory  coefficient.  We  must  re- 
member that  the  use  of  steel,  and  similar  materials  requiring 
slender  proportions,  is  of  very  recent  occurrence.  So  far  is  this 
true  that  any  degree  of  study  of  the  aesthetic  features  of  buildings 
will  produce  a  great  superabundance  of  feeling  for  the  heavier 
construction  of  wood  and  stone.  And  the  memory  coefficient  will 
naturally  produce  a  sentiment  in  favor  of  heavy  proportions  even 
where  steel  is  used.  The  time  is  by  no  means  ripe  for  a  deliberate 
use  of  steel  as  steel,  unless  some  means  is  adopted  to  increase 
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ats  apparent  weight.  This  requirement,  of  course,  does  not  occur 
in  subsidiary  construction,  where  there  is  historic  precedent,  al- 
though this  must  not  be  taken  as  a  reason  for  ignoring  the 
structural  proportions  of  the  environment.  To  take  an  example,  a 
lighting  fixture  must  be  proportionately  heavy,  if  it  is  to  be  em- 
ployed in  a  room  of  massive  construction.  Otherwise  the  feeling 
of  balance  will  be  disturbed.  This,  I  may  remark  in  passing,  is  a 
rule  that  has  not  been  duly  considered  in  some  recent  discussions 
of  fixture  design. 

(28)  A  simple  example  serving  to  illustrate  the  basic  organic 
principle  of  proportion  is  given  in  Fig.  4.  The  square  there 
shown  has  a  certain  proportion  between  its  sides  due  to  the  fact 
that  their  relation  is  of  the  order  unity.  There  is,  however,  no 
appeal  to  the  attention  because  the  case  is  one  of  mere  repetition, 


Fig.  4.— Example  Illustrating  the  Basic  Organic  Principle  of  Proportion. 


and  possesses  no  novelty.  A  single  glance  of  the  eye  is  sufficient 
to  determine  all  its  possibilities.  The  imagination  remains  dor- 
mant. But  let  us  lengthen  two  of  the  sides  so  that  their  relation 
to  the  remaining  sides  is  of  the  order  two  to  one.  At  once  we 
perceive  the  difference.  There  is  an  alteration  in  the  form  of  the 
visual  sensation  as  the  eye  passes  from  one  side  to  the  next.  The 
attention  is  at  once  challenged,  and  curiosity  is  aroused.  But  there 
is  no  confusion  between  the  perceptions  of  any  two  adjacent  sides 
and  the  mind  readily  adapts  itself  to  the  order  of  change. 

Now  turn  to  Fig.  5.  This  interior  at  once  appeals  to  the  atten- 
tion, and  for  the  reason  noted  above.  The  featural  lines  form  a 
definite  proportion,  the  one  with  the  next  following:  A  scaled 
section  of  the  building  would  make  this  evident  at  once.  The 
enclosed  spaces  are  also  in  proportion  to  each  other  and  in  propor- 
tion to  the  lines  bounding  them.  Where  the  eye  is  likely  to  find 
any  abruptness,  ornament  has  been  well  used  to  detain  the  atten- 
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tion  and  make  the  transition  more  gradual.     And  this  brings  us- 
to  the  last  point  we  have  time  to  discuss — the  use  of  ornament. 

(29)  The  genesis  of  ornament  has  its  root  in  the  very  human^ 
characters  of  conceit  and  pride.  It  appears  first  in  the  rings  and 
feathers  of  the  savage  and  in  the  war  paint  of  the  Indian,  express- 
ing the  desire  to  improve  and  accent  the  object  of  beauty,  or 
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ferociousness,  that  appeals  to  the  elemental  mind.  But  we,  whose 
trained  intellects  can  grasp  the  true  worth  of  proportion,  require 
no  bangles  or  paint  to  attract  our  attention  to  the  naked  beauty 
of  the  human  form. 

(30)  As  Ruskin  has  expressed  it,  "The  works  of  God  are 
perfect."  They  are  so  admirably  fitted  and  proportioned  to  the 
fulfillment  of  their  purpose  that  ornament  could  only  serve  to  mar 
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their  beauty.  But  human  effort  and  skill  are  so  far  limited  that 
the  deed  is  never  the  perfection  of  the  thought.  The  meaning  is 
always  clouded  by  the  ineffectiveness  of  its  presentation. 

(31)   This  lack  of  unambiguous  expression  of  the  function  of 
•each  part  of  our  utilitarian  construction  compels  the  use  of  orna- 


FiG.  5.— St.  SuLPicE  Nave,  Showing  Lighting  Fixtures  Suspended  from  Roof. 


ment  as  a  means  of  emphasis  and  as  a  sign  of  the  use  to  which 
•each  part  is  put ;  for,  parts  differing  in  function  must  diff'er  in, 
appearance.  It  is  not  evident,  then,  that  in  the  proper  or  improper 
■'Use  of  ornament  is  the  success  or  failure  of  the  whole  design.  And 
it  is  also  evident  that  the  slavish  use  of  decoration  is  but  a  con- 
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cession  to  bad  proportion  and  lack  of  expressive  ideas.  Ornament^ 
not  to  be  vulgar,  nnist  be  handled  with  most  exquisite  taste  and 
sense  of  propriety,  for  in  ornament  more  than  in  anything  else  we 
may  read  the  mental  standards  of  the  period.  An  intimate  knowl- 
edge of  its  history  and  use  is  essential  for  its  proper  treatment. 
Fig.  6  is  inserted  as  an  example  of  the  perverted  use  of  ornament 
to  hide  the  lack  of  constructive  lines. 

THE  ARCHITECT   AND   THE   ILLUMINATING   ENGINEER. 

(32)   The  principles  of  architecture  are,  we  now  see,  no  mere 
whim  on  the  part  of  the  designer.     They  are  as  deeply  rooted  iii: 


Fig.  6. — Example  of  Illegitimate  Use  of  Ornament. 


a  basis  of  fact  as  are  the  principles  of  natural  philosophy.  The 
conceptions  of  good  architecture  are  subject  to  the  same  order  of 
constraint  that  limits  the  postulates  of  science. 

(33)   I  have  considered  it  necessary  to  devote  so  much  of  our- 
time  to  this  inadequate  and  sketchy  outline,  because  I  have  noted,, 
on  the  part  of  many  contributors  to  the  literature  of  illumination,, 
a  disposition  to  decry  and  criticise  the  limitations  which  architects 
place  upon  their  work.     They  do  not  seem   to  realize  that  the 
beautv  and  effectiveness  of  q^ood  architectural  construction,  both. 
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from  aesthetic  and  utilitarian  standpoints,  depend  upon  a  strict 
adherence  to  the  principles  outlined  above,  and  that  the  feeling 
of  the  design  dependent,  as  it  must  be,  upon  historical  precedent 
is  bound  by  centuries  of  usage  to  certain  effects  of  color  and  light 
which  have  become  established  because  of  their  appeal  to  the  senti- 
ments aroused  by  pleasurable  visual  perception.  The  business  of 
the  illuminating  engineer  is  to  modernize  old  methods  of  illumina- 
tion without  destroying  them.  If  we  are  to  discard  tradition 
altogether,  then  w^e  may  as  well  abandon  the  architecture  of  the 
past,  and  ignore  its  influence.  This,  as  I  have  tried  to  make  evi- 
dent, is  impossible,  if  not  on  aesthetic  grounds,  then  on  physio- 
logical grounds,  and  to  deny  its  demands  would  be  suicidal. 
"Habit,"  says  James,  'is  the  great  fly  wheel  of  Society."  Any 
sudden  alteration  in  its  movement  would  only  serve  to  smash  the 
whole  machine.  Change  can  only  be  brought  about  by  infinitesi- 
mal alterations  in  its  progress.  The  illuminating  engineer,  who 
imagines  that  he  will  be  permitted  to  introduce  anything  radically 
new  into  the  illumination  of  buildings  possessing  historic  feeling, 
is  doomed  to  disappointment.  Rather  is  it  his  duty  to  maintain 
and  conserve  that  feeling  in  spite  of  modern  appliances  and  means. 

(34)  The  "feeling"  of  the  design  must  be  carried  out  con- 
sistently even  to  the  last  detail  of  the  fixtures.  It  is  the  duty  of 
the  archictect  to  see  that  this  is  done.  His  conception  of  the  whole 
arrangement  must  include  the  lighting,  for,  as  he  sees  it  "in  his 
mind's  eye,"  so  must  it  be  seen  objectively.  The  light  that  mu^t 
be  provided,  its  tone,  its  intensity,  its  quality,  is  a  feature  of  his 
mental  conception,  and  it  is  this  ideal  illumination  that  the 
engineer  must  seek  to  approximate.  Of  course,  he  can  onl\'  hope 
to  do  this  when  he,  too,  is  able  to  see  the  design  as  the  architect 
sees  it,  and  not  through  the  eyes  of  the  illuminating  specialist 
alone.  The  engineer  must  be  able  to  discern  where  direct  or  in- 
direct illumination  is  required,  and  the  kind  of  fixtures  associated 
historically  and  aesthetically  with  the  general  design,  by  means 
of  v/hich  he  must  obtain  the  proper  results.  For  instance,  examine 
Figs.  7  and  8.  Note  the  absolute  harmony  both  in  proportion  and 
detail,  denoting  throughout  the  expression  of  a  single  ideal.  No 
other  scheme  of  illumination,  and  no  other  style  or  type  of  fixture 
could  have  been  used  without  marring  the  entire  effect.  Such 
illumination  is  good  illumination.  The  resulting  distribution  may 
not  be  perfect  from  the  engineer's  standpoint — but  then  his  stand- 
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point  is  itself  imperfect  if  he  fails  to  consider  just  the  Hmitatio  is 
imposed  upon  him  by  the  design.  lUuminating-  engineering-  is  not 
a  matter  of  light  distribution — it  is  a  matter  of  suitable  lighting, 
and  the  conditions  determining  what  is  suitable  are  just  as  differ- 
ent as  any  two  designs  are  diff'erent — no  more,  no  less.  Does  the 
architect  consider  a  building  unsuccessful  unless  each  part  of  it 
is  laid  out  according  to  the  laws  of  construction?  Not  a  bit  of 
it !  The  laws  of  construction  are  an  after-consideration — a  means 
of  checking  the  proportion  to  see  if,  after  all,  it  is  safe.  So,  too, 
the  illuminating  engineer  must  use  the  laws  of  distribution,  not 


Fig.  7. — Salon  des  Gardes,  Fontainbleau. 

as  a  method  of  determining  what  the  distribution  shall  be.  but  as 
a  means  of  adapting  the  lamps  to  the  distribution  required.  It  is 
not  a  question  of  foot-candles  ;  it  is  a  (juestion  of  how  much  light 
is  needed.  And  it  is  more  often  a  cpiestion  of  quality  than  quantity. 
(35)  Vou  will  say.  that  foot-candles  and  quantity  of  light  are 
one  and  the  same  thing,  but  I  assure  you,  that  from  the  architect's 
point  of  view,  the}-  are  quite  different.  Two  lamps  giving  an 
identical  quantity  of  light  may  give  entirely  different  quantities 
of  illumination.  The  room  shown  in  Fig.  ^)  is  furnished  with  a 
ver\-     small     (|uantit\-    of    light,     but     with     ample     illumination. 
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'J'he  same  quantity  of  light,  if  used  in  Fig.  7,  assuming 
the  rooms  to  be  of  the  same  general  dimensions,  would  give 
practically  no  illumination  even  if  the  general  coefficients  of 
reflection  were  in  both  cases  identical.  For  what  we  see  is,  as 
the  early  part  of  this  paper  sought  to  make  clear,  not  only  what 
•our  optical  nerves  bring  to  the  visual  centres,  but,  in  addition, 
a  vast  amount  of  suggestive  material  aroused  to  consciousness 
through  the  associative  brain  tracks. 

(36)   This  associative  material,  with  the  actual  sensory  matter, 
together  make  up  the  perception  which  is  conceived  as  an  idea. 


Fig.  8. — Salle  a|Mangep,  MrandXTrianon. 


The  idea  tends  to  find  itself  realized  or  embodied  objectively,  and 
this  tendency  toward  the  habitual,  or  normal,  conversion  of  the 
idea,  is  sentiment.  In  art,  sentiment  is  defined  objectively  as  the 
"feeling"  of  the  design,  and  where  the  sentiment  is  not  realized 
we  say  that  the  design  is  out  of  keeping,  and,  in  so  far,  defective. 

(37)    How,  then,  is  the  illuminating  engineer  successfully  to 
cope  with  his  problem  and  advise  with  the  architect  as  to  the  best 
means  of  achieving  results,  if  the  engineer  cannot  appreciate  and 
understand  the  architect's  viewpoint?    Manifestly,  it  is  impossible* 
for  him  to  do  so. 


26      JONES,     JR.:    THE    RELATION    OF    ARCHITECTURAL    PRINCIPLES 

(38)  It  seems,  then,  that  a  very  important,  if  not  essential, 
feature  of  the  engineer's  preparation  is  a  study  of  the  history  of 
illumination'  and  its  relation  to  architectural  design.  He  must 
make  himself  intimately  acquainted  with  the  means,  methods  and 
results  of  earlier  work,  and  good  work  it  is  where  any  attempts 
were  made  to  obtain  adequate  and  suitable  lighting.  We  must 
not  think,  because  we  alone  can  fornuilate  and  employ  the  laws 
governing  the  distribution  of  light,  that  good  lighting  has  not 
been  earlier  achieved  by  empirical  methods.     We  are  simply  in  ci 


Fig.  9. — A  Colonial  Room.      Note  that  a  Centre  Ceilinc,   Fixture   Would   Ruin  the 

Effect. 


position  to  do  more  efftciently  what  the  masters  have  done  in  spite 
of  their  manifest  limitations. 

(39)  This  branch  of  illuminating  engineering  is  unquostion- 
ably  an  art,  and  only  a  science  in  so  far  as  an  art  is  scientific  in 
its  method.  The  illuminating  engineer  who  hopes  to  cope  with 
the  lighting  features  of  architectural  i)roblems,  must  be  familiar 
with  architecture,  and  particularly  with  the  use  of  color  in  decora- 
tion ;  for  as  we  well  know  the  aesthetic  value  of  color  arrange- 
ments depends  on  extreme  nicety  of  contrast,  and  color  contrast 


1.— I  cannot  do  better  tli;ni  Jidvise  tlic  study  of  tliat  niostiinportaiit  work,  •' Ilis/oire 
(In  Luiniiiaire."  by  Henry  D' Allcinafrno,  a  work  unfortunately  out  of  print,  a  eoi)y  ot 
whieli  is  aecessitile  in  tlie  Aveiy  collection  in  tlie  Lil>r;iry  <»f  ("olnnil)ia  University. 
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is  very  susceptible  to  variations  in  tone  and  intensity  of  light, 
particularly  at  the  low  intensities  very  generally  desirable  from  an 
artistic  standpoint. 

(40)  The  question  as  to  the  proper  location  and  arrangement 
of  fixtures,  then,  resolves  itself  into  the  question  as  to  the  way  in 
which  the  design  is  to  be  seen.  The  proportions  of  the  structure, 
its  constructive  lines  and  the  points  wdiere  they  originate  and  end 
— these  are  to  be  brought  out  in  relative  prominence,  and  to  do 
this  properly  the  individual  responsible  for  the  lighting  must  be 
able  to  discern  and  select  these  features  and  modify  his  illumina- 
tion accordingly.     Take  as  an  example  the  trefoil  Gothic  arch. 


Fig.  10. — Trefoil  Gothic  Arch. 


shown  in  Fig.  10.  This,  we  will  assume,  by  its  importance  in  the 
structure,  requires  to  be  seen  in  its  entirety.  It  is  not  sufficient 
that  one  segment  or  even  the  two  lower  segments  be  brought  into 
prominence.  It  is  demanded  by  the  nature  of  the  problem  that 
the  light  so  fall  upon  it  that  the  eye  shall  be  capable  of  tracing  its- 
outline  from  one  abutment  to  the  other,  and  if  this  cannot  be- 
done  there  will  result  a  feeling  of  insecurity  and  of  incomplete- 
ness. The  problem,  then,  becomes  one  of  so  locating  the  lights 
that  this  result  be  accomplished.  It  is  even  advisable  that  the- 
spring  line  of  this  arch  be  relatively  brighter  than  the  spandrel 
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spaces,  and  this  may  be  effected  by  the  suitable  use  of  color  or 
shadows. 

(41)  An  example  of  the  illumination  of  ornament  is  shown  in 
Fig.  11.  Suppose  it  is  desired  to  place  a  single  lamp  at  the 
centre  of  the  relief  ornament  used  to  decorate  the  opening  of  a 
small  arch  such  as  might  be  found  in  the  dome  of  a  rotunda. 

(42)  If  the  rotunda  is  to  achieve  its  full  eft'ect,  its  decoration 
must  be  brought  into  prominence,  and  to  accomplish  this  the 
lamp  must  be  so  located  that,  in  addition  to  its  work  of  furnishing 
light  to  the  space  below,  it  will  bring  out  the  principal  generating 
lines  of  the  decorative  relief,  that  is  the  ridges  of  the  cockle  in 
this  particular  example.     In  other  words,  the  curve  A — B — C  of 


each  member  must  be  thorou^fhlv 


lighted  for 


its  entire  length. 


F'iG.  11.— Example  of  the  Illumination  of  Ornament. 

The  architect,  if  he  is  alive  to  the  necessities  of  the  problem,  will 
have  allowed  for  this  feature  by  giving  a  concave  form  to  the  orna- 
ment, and  by  deepening  the  space  between  it  and  the  arch  line. 
The  arch  line  will  itself  project  beyond  the  ornament  sufficiently 
to  receive  a  proper  illumination,  and  a  projecting  mould  serving 
to  mark  this  line  w^ould  also  serve  to  cast  a  shadow  on  the  span- 
drel and  so  bring  the  arch  into  added  prominence.  If  the  archi- 
tect has  failed  to  allow  for  these  requirements  in  his  design,  or 
if  the  exigencies  of  the  occasion  have  prevented  the  projection  of 
the  arch,  then  the  lamp  must  itself  project  sufficiently  to  accom- 
plish the  result,  and  in  that  case  the  spandrel  would  receive  more 
light  than  its  importance  deserves.  It  is.  in  fact,  impossible  prop- 
erly to  light  a  design  that  has  not  been  conceived  as  illuminated 
and  suitably  adapted  therefor. 
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(43)  These  examples  may  serve  to  illustrate  the  exquisite 
finesse  and  detail  of  consideration  with  which  both  the  architect 
and  the  "  illuminating  engineer  must  approach  the  problem  of 
artistic  lighting.  Ignorance  on  either  side  may  be  productive  of 
most  disastrous  results.  There  is  a  staring  example  of  the  misuse 
of  artificial  light  in  the  ceiling  of  one  of  our  large  music  halls, 
where  the  relief  decoration  has  been  absolutely  ruined  by  placing 
lamps  where  they  can  only  cast  shadows  on  those  portions  of  the- 
design  that  require  to  be  brought  into  accentuated  prominence : 
nor  is*  this  an  uncommon  defect  in  many  of  our  handsomest 
buildings. 

(44)  In  earlier  discussions^  the  writer  has  brought  forward  a 
few  suggestions  as  to  general  method,  and  it  is  unnecessary  ta 


Fig.  12.— Old  Roman   Lamp  Bearer. 


repeat  those  matters  at  this  time.  He  does  desire,  however,  to 
present  one  or  two  examples  of  the  use  of  historic  precedent  in 
illumination. 

HISTORIC    PRECEDENT    IN    ILLUMINATION. 

(45)  Probably  the  earliest  account  of  any  method  of  artificial 
illumination  occurs  in  Homer's  account  of  the  palace  of  Ulysses. 
Pliny  describes  a  Phoenecian  banquet  hall  as  illuminated  by  fix- 

1.— Electrical   Review,  Vol.  LI,   No.  11,  September  14,  1907.    Transactions   of  the 
lUtiminating  Engineering  Society,  Vol.  II,  No.  6,  .Tune  1907  ;    Vol.  II,  No.  8,  Nov.  1907. 
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tures  consisting  of  golden  statues  bearing  in  their  hands  massive 
bowls  filled  with  olive  oil,  on  which  floated  blazing  wicks.  It 
would  hardly  be  possible  to  conceive  a  more  effective  method  of 
lighting  a  space  in  the  rude  and  massive  architecture  of  that 
period.  Here  is,  indeed,  a  splendid  suggestion  for  the  illumination 
of  a  great  foyer,  or  forum  of  bold  design. 

(46)  The  archaeologist  has  presented  us  with  an  almost 
infinite  variety  of  Roman  lamps  and  stands  of  exquisite  design. 
Fig.  12  is  a  lamp  bearer  in  bronze,  now  in  the  Naples  Museum, 
which  shows  that  the  so-called  ''drip-saucer"  of  modern  candle 
fixtures  has  a  decorative  precedent,  even  antedating  the  use  of  the 


Fig.  13. — Form  of  Lighting  Fixture  Used' in  Early  Christian  Basilicas. 

candle  itself.  Four  of  these  magnificent  fixtures  served  to  furnish 
the  general  illumination  of  the  main  hall  in  some  old  patrician's 
residence.  The  effect  must  have  been  well-nigh  perfect.  Indeed, 
the  use  of  the  hanging  lamp  or  oil  bowl  standard  is  an  inseparable 
feature  of  the  classic  orders,  and  we  find  some  very  fine  examples 
of  their  use  in  modern  times — note  the  standards  in  front  of 
Columbia  Library  and  how,  at  night,  they  bring  out  the  noble 
masses  of  the  building ;  also  the  use  of  the  hanging  lamps  in  the 
foyer  of  the  Manhattan  Hotel  (New  York),  where  a  chandelier, 
no  matter  how  cleverly  designed,  would  have  done  much  to  mar 
the  effect.  Chandeliers  are,  in  fact,  only  possible  in  certain  forms 
of  the  Renaissance  and  modern  styles.  (See  Figs.  5,  7  and  8.) 
A  good  example  of  the  use  of  chandeliers  in  German  feeling  is 
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to  be  found  in  the  b^ir  and  men's  cafe  of  the  Hotel  Plaza  (New 
York).  Fig.  13  shows  the  general  form  of  the  lighting  fixture 
used  in  many  of  the  early  Christian  basilicas.  Fig.  14  shows  the 
same  fixture  adapted  to  modern  methods  and  used  with  excellent 
effect. 

(47)  The  lighting  of  churches  is,  perhaps,  the  most  difficult 
problem  of  illumination.  In  Norman  and  early  Gothic  churches 
310  artificial  illumination  was  provided.  The  churches  were  rarely 
used  at  night,  and  when  used,  candles  at  the  altar  and  in  the  hands 


Fig.  14.— Adaptation  of     Fixture  Shown  in  Fig.  13   to  Modern  Methods. 


•of  the  candle  bearers  of  the  choir  furnished  all  the  light  con- 
sidered necessary.  There  were  no  hymnals  or  prayer  books  in 
those  dark  days,  except  in  the  possession  of  the  educated  priests 
and  monks,  but  the  religious  spirit  so  permeated  the  life  of  even 
the  meanest  individual  that  reading  in  church  was  not  only  un- 
lieard  of  but  unnecessary.  All  of  the  lighting  fixtures  now  used 
in  historic  English  churches  have  been  added  during  recent  times, 
and,  with  the  possible  exception  of  the  recent  installation  in  St. 
Paul's,  they  are  generally  inappropriate.  In  the  later  French  and 
German  cathedrals  and  cathedrals  of  French  influence  alone  was 


o- 
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anv  attempt  made  to  study  the  requirements  of  artificial  lighting-, 
^nd  to  them  we  must  turn  for  suggestions. 

(48)  In  some  early  cases  a  huge  corona  or  crown  of  candles 
was  suspended  from  the  apex  of  the  vaulting  over  the  interception 
of  nave  and  transept.  No  illumination  was  furnished  in  the  nave. 
and  the  resulting  efifect  of  the  brilliantly  lighted  chancel  and  altar 
with  the  dimly-lighted  arches  overhead  must  have  been  very  im- 
pressive. In  later  times  sconces  were  placed  on  the  nave  columns,. 
or  sockets  were  used,  into  which  fitted  wrought-iron  brackets. 
(See  Fig.  15.)  In  the  designs  of  the  Renaissance  period  more 
light  was  required  in  the  nave,  and  smaller  crowns,  chandeliers, 
or  lanterns  were  suspended  from  brackets  a,t  tlie  spring  of  the- 
vaultino-   arches.      Additional    fixtures,    brackets,    standards,    and 


Fig.  15. — A  Gothic  Bracket. 


chandeliers  were  added  at  the  altar  screen  and  in  the  choir  ta 
maintain  the  contrast  between  the  brilliantly  illuminated  chancel 
and  the  rest  of  the  church.  The  effort  was  always  to  keep  the 
lighting  of  the  nave  comparatively  low,  and  to  place  the  nave 
fixtures  on  or  near  the  columns,  so  that  the  proportions  of  the 
church  would  be  properly  accented.  The  mistake  was  sometimes 
made  of  suspending  fixtures  from  points  that  were  not  features 
in  the  construction,  as  from  the  groin  of  the  vaulting  or  from  the 
curve  of  the  arches.  To  avoid  this,  some  ornament  or  wreath  was 
occasionally  added  to  the  neck  of  the  nave  columns,  or  some 
modification  was  made  in  the  spandrils  of  the  nave  arches,  and 
brackets  were  sprung  from  these  points  to  which  the  fixtures  were 
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Fig.  16. — Use  of  Wreath  Device  with  Grotesques  Worked  Into  Capitals. 


Fig.  17.—  Example  of  the  Use  of  Fixtures  as  a  Part   of  the  Room  Furnishing. 
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Figs.  18,  18a.— Adaptation  of  the  Arc  Lamp  and  Inverted  Diffuser  to  Church 
Lighting.    The  Tracery  Openings  May  Be  Filled  with  Yellow  Glass. 
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attached.  Fig.  16  represents  an  interesting  use  of  the  wreath 
device  in  connection  with  grotesques  worked  into  the  capitals.  The 
quahty  of  the  hghting  was  always  subdued  in  tone  and  color. 
Everything  in  the  nature  of  brilliancy  was  avoided  excepting  the 
^lare  of  the  diffused  golden  light  in  the  chancel. 


^ 


Fig.  19. — Fixtures  for  a  Small  Chukch. 


(49)  The  use  of  glass  was,  of  course,  unknown  in  early  work, 
of  mica  or  skin  shields  formed  the  only  means  of  concealing 
the  brilliant  flame.  In  many  cases  intricate  tracery  work  in  the 
lanter  faces  was  used  to  subdue  the  quality  of  the  light.  (As  a 
modern  example,  see  Figs.  18  and  18a.)     The  dift'usion  obtained 
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by  this  means  was  usually  better  than  we  might  expect.  It  is,  at 
any  rate,  much  more  suitable  and  pleasing  than  any  effects  that 
are  obtained  by  modern  prismatic  glass  and  scientifically  designed: 
reflectors. 

(50)  A  study  of  the  history  of  church  lighting  will  make  one 
fact  evident.  The  palpable  artificiality  of  every  kind  of  illumina- 
tion presents  an  almost  insurmountable  difficulty.  It  is  practically 
impossible  to  design  any  adequate  system  that  would  not  seem 
totally  out  of  place  in  such  interiors  as  that  of  Durham  and 
Amiens  and  the  earlier  portions  of  Canterbury  or  Westminster 
Cathedrals.  The  architecture  of  these  great  edifices  makes  its- 
appeal  purely  through  the  sublimity  of  its  proportions.  Decora- 
tion and  ornament  are  unnecessary  and  have  been  but  sparingly 
used.  To  attempt  to  light  these  buildings  by  any  means  less  im- 
pressive in  its  effect  than  they  are  themselves  would  be  little  short 
of  desecration,  and  artificial  illumination  is  essentially  decorative 
in  its  results.  It  may,  in  general,  be  taken  as  a  rule  that  the 
simpler  the  architecture — provided  it  be  good  architecture — the 
more  difficult  becomes  the  problem  of  illumination. 

(51)  Is  it  only  by  such  historical  study  that  we  can  learn  the 
nature  of  the  ideal  which  the  great  masters  of  architecture  sought 
to  embody  in  their  work,  and  only  as  we  succeed  in  making  this 
ideal  our  own,  can  we  hope  to  express,  in  our  efforts,  the  truth 
of  architectural  beautv. 


PHYSIOLOGICAL. 

(52)  This  paper  has  carefully  avoided  any  discussion  of  the 
physiological  effects  of  artificial  illumination,  for  it  is  the  writer's 
belief  that  no  architectural  design,  conceived  in  the  right  spirit, 
and  properly  executed,  can  demand  any  suitable  artificial  illumina- 
tion that  is  injurious  in  the  optical  sense.  The  reasons  for  this 
lie  deeper  than  the  physiology  of  the  eye  can  lead  us,  and  have 
to  do  also  with  visual  perception  and  psychology.  It  is  a  subject 
demanding  separate  treatment  and  cannot  be  encroached  upon  in 
this  discussion.  Artistic  illumination  is,  ipso  facto,  good  illumina- 
tion. And  no  illumination  can  be  artistic  that  is  not  conceived  as 
a  feature  of  a  truly  artistic  design. 
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Old    Chandelier, 


DISCUSSION  ON  JONES,  "THE  RELATION  OF  ARCHI- 
TECTURAL PRINCIPLES  TO  ILLUMINATING 
ENGINEERING  PRACTICE,"  BY  THE  NEW  YORK 
SECTION. 

The  Chairman  (E.  L.  Elliott). — We  have  listened  to  prclbably 
the  most  important  paper  that  has  been  presented  before  the 
New  York  Section  of  the  Society.  I  say  this  from  a  firm  sense 
of  conviction  and  belief,  and  not  from  any  mere  wish  to  pass  a 
routine  compliment.  W'e  cannot  deny  the  fact,  no  matter  what 
importance  we  may  attach  to  mathematical  engineering,  that 
no  system  of  illumination  can  be  called  a  success  that  is  ugly  or 
offensive  to  the  aesthetic  taste. 

There  is  an  old  saying  that  questions  of  taste — and  the  paper 
presented  this  evening  has  dealt  lar«el}'  with  this  subject — do  not 
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admit  of  discussion ;  but  like  many  old  sayings,  it  has  to  be 
taken  with  "a  grain  of  salt."  '  It  seems  to  me  that  questions  of 
taste  are  about  the  only  subjects  that  are  debatable;  questions 
of  fact  assuredly  are  not. 

L.  B.  Marks. — This  paper  treats  of  a  subject  which  has  been 
given  scant  attention  in  the  Transactions  of  the  Society,  and  con- 
tains much  matter  of  very  great  interest  to  illuminating  engineers. 

I  hardly  agree  with  Mr.  Jones  that  the  illuminating  engineer 
who  considers  only  the  scientifically  practical  side  of  the  profes- 
sion is  necessarily  doomed  to  ultimate  failure.  There  is  a  large 
field  for  the  illuminating  engineer  where  aesthetics  is  only  of 
secondary  importance  ;  in  this  fidd  the  illuminating  engineer  may 
achieve  success  even  though  he  does  not  concern  himself  per- 
sonally with  the  purely  artistic  side  of  the  work. 

In  viewing  broadly  the  purpose  of  architecture.  ]\Ir.  Jones  says 
the  mind  asks  instinctively  when  contemplating  a  structure, 
"What  is  the  thing  for?"  I  ask  the  same  question  with  regard 
to  lighting  fixtures.  If  they  are  intended  primarily  to  enable  us 
to  see,  then  ''no  amount  of  grace  or  ornament  can  overcome  the 
ensuing  feeling  of  repulsion"  if  they  fail  to  do  so ! 

The  English  wall  bracket  shown  in  Fig-,  i,  would  not  to  my 
mind  serve  its  purpose  properly  as  a  lighting  fixture  no  matter 
how  exquisite  the  harmony  of  its  curves  may  be,  unless  the  in- 
trinsic brightness  of  the  lamps  provided  therein  falls  Ibelow  a 
certain  limit.  At  the  present  time  the  use  of  wall  brackets  for 
the  illumination  of  fine  residences  is  perhaps  more  in  vogue 
than  at  any  time  since  the  introduction  of  electric  light.  These 
brackets  are  often  provided  with  small  round  lamps  similar  to 
those  shown  in  Fig.  i,  the  lamps  often  being  sixteen  candle- 
power.  The  result  is  that  not  only  is  the  effect  of  the  beautiful 
hnes  of  the  fixture  lost  to  the  eye.  but  the  glare  of  the  lamps  is 
most  prejudicial  to  the  eyesight.  In  a  fixture  that  is  intended  to 
give  useful  light  rather  than  decorative  efi'ccts,  I  hold  that  the 
importance  of  engineering  in  the  design  takes  precedence  over 
aesthetics ;  if  the  design  be  for  decorative  illumination  only,  I 
should  reverse  this  order,  still  bearing  in  mind  that  engineering 
may  play  an  important  part  in  securing  the  decorative  effect  de- 
sired, in  the  most  economical  and  scientific  way.  Thus,  in  Fig. 
2  for  instance,  the  use  of  the  ornament  at  the  bottom,  to  bridge 
the   discontinuitv    in    lines    of   the   fixture,   mav   be    clever    from 
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an  artistic  point,  but  not  so  clever  from  an  illuminating  stand- 
point. 

Mr.  Jones  states  that  "The  business  of  the  illuminatino-  engin- 
eer is  to  modernize  old  methods  of  illumination  without  destroy- 
ing them."  This  holds  true  where  it  is  desirable  to  maintain  tradi- 
tion. Generally  speaking,  I  hold  that  it  is  the  business  of 
the  illuminating  engineer  to  modernize  old  methods  and  to  dis- 
card them  where  new  and  better  ones  are  available. 

Referring  to  Figs.  7  and  8,  Air.  Jones  says,  ''No  other  scheme 
of  illumination  and  no  other  style  or  type  of  fixture  could  have 
been  used  without  marring  the  entire  effect.  Such  illumination 
is  good  illumination." 

Waiving  the  question  of  aesthetics,  I  take  issue  with  Mr. 
Jones  that  such  illumination  is  necessarily  good  illumination. 
Though  the  lighting  fixtures  in  the  Grand  Trianon  may  ibe  and 
undoubtedly  are  exactly  suitable  from  an  artistic  standpoint  for 
the  rooms  referred  to,  they  leave  much  to  be  desired  as  producers 
of  useful  illumination.  For  instance,  referring  to  Fig.  8,  in  view- 
ing some  of  the  pictures  at  close  range  the  observer  would 
necessarily  be  between  the  light  and  the  picture ;  while  at  longer 
range  the  light  would  strike  his  eye  at  a  harmful  angle. 

Mr.  Jones  says  that  it  is  not  a  question  of  foot-candles,  that  it  is 
a  question  of  how  much  light  is  needed,  and  that  it  is  more  often  a 
question  of  quality  rather  than  quantity.  It  seems  to  me  that  all 
these  C[uestions  come  wathin  the  legitimate'  field  of  work  of  the 
illuminating  engineer.  While  the  architect  in  endeavoring  to 
secure  the  particular  effect  which  he  desires  may  adhere  to  em- 
pirical methods,  the  illuminating  engineer  is  or  should  be  enabled 
to  secure  the  effect  by  exact  and  scientific  methods.  I  hold  that 
it  is  a  question  of  foot-candles.  But  in  planning  to  secure  a  defi- 
nite number  of  foot-candles  the  engineer  must  take  into  considera- 
tion the  question  of  quality  of  light  as  well  as  intrinsic  bright- 
ness, and  a  number  of  other  factors. 

Mr.  Jones  calls  attention  to  the  fact  that  good  lighting  has 
been  achieved  in  the  past  by  empirical  methods  and  that  we  are 
simply  in  a  position  to  do  more  efficiently  what  the  masters  have 
done  in  spite  of  their  manifest  limitations.  I  hold  that  illuminat- 
ing engineering  is  gradually  giving  us  definite  and  accurate 
rhethods  of  producing  good  results  which  heretofore  have  only  oc- 
casionally been  brought  about  b\-  empirical  methods. 
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The  statement  is  made  that  "it  is  in  fact  impossible  properly  to 
light  a  design  that  has  not  been  conceived  as  illuminated  and  suit- 
ably adapted  therefor." 

This  seems  rather  a  broad  statement,  but  if  it  be  true  it  is  all 
the  more  important  that  the  architect,  unless  he  is  an  expert  in 
illumination,  fortify  himself  with  the  best  available  illuminating 
engineering  talent.  Co-operation  between  the  architect  and  the 
illuminating  engineer,  at  the  inception  of  the  building  design 
would  result  in  providing  for  a  suitable  illuminating  design  for 
which  proper  provision  cannot  in  many  cases  be  made,  once  the 
plans  have  advanced  beyond  a  certain   stage. 

The  architect  gives  a  great  d^al  of  thought  to  the  question 
of  day-light  illumination,  which  question  usually,  if  not  always, 
plays  a  very  important  part  in  his  conception  of  the  design  of  a 
building.  But  does  he  give  the  same  attention  to  the  question  of 
artificial  illumination?  My  experience  has  been  that  he  rarely 
considers  the  latter  until  after  his  building  plans  are  complete, 
and  then  usually  considers  it  from  its  aesthetic  and  not  its  engin- 
eering side.  It  seems  to  me  to  go  without  saying  that  barring 
cases  of  exact  reproduction  of  historic  fixtures,  as  for  example 
in  a  Louis  XIV  room,  the  architect  must  needs  concern  himself 
with  the  engineering  side  of  illumination  if  we  are  to  make  real 
progress  in  the  design  of  interior  illumination.  The  position  of 
the  architect  is  very  different  now  than  it  was  a  generation  or 
so  ago.  Then  he  had  comparatively  few  illuminants  with  which 
to  deal,  and  was  restricted  to  narrow  limits  in  the  choice  of  their 
location.  To-da}-  he  has  many  illuminants  to  consider,  and  is 
practically  unrestricted  in  their  location  in  many  cases,  and  has  at 
his  command  new  means  for  directing  and  distributing  the  light. 

Mr.  Jones  presents  an  illustration,  Fig.  14,  showing  the  adapta- 
tion of  an  ancient  lighting  fixture  shown  in  h^ig.  13,  to  modern 
methods.  He  says  that  the  efi""ect  is  excellent.  From  an  artistic 
standpoint  this  may  be  true,  but  from  an  illuminating  standpoint 
the  effect  may  be  very  bad  if  the  lamps  which  are  used  in  the 
fixture  have  a  high  intrinsic  brilliancy.  Thesi  lamps  are  exposed 
to  view  and  most  of  them  are  within  the  ordinary  field  of  vision 
of  persons  seated  in  the  balcony  shown  in  the  illustration. 

In  connection  with  the  lighting  of  churches,  while  it  may  be 
true,  as  Mr.  Jones  says,  that  any  attempt  to  light  these  buildings 
by  an\'   means  less  impressive  in   its  eff'ect  than   they  are  them- 
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selves,  would  be  little  short  of  desecration,  the  fact  remains  that 
the  artificial  illumination  provided  in  the  old  churches  (see  illus- 
trations Figs.  3  and  5)  is  totally  inadequate,  and  from  an  illumi- 
nating standpoint  wholly  unsuited  to  present  day  needs.  The 
problem  of  church  illumination  is  extremely  difficult  in  any  case 
and  particularly  if  ancient  traditions  are  to  be  conserved.  Here 
again  is  a  case  in  which  the  need  of  applying  good  illuminating 
engineering  to  architectural  principles  is  manifest. 

^Ir.  Jones,  I  think,  in  a  sense,  begs  the  question  when  he  says, 
^'Artistic  illumination  is  ipso  facto  good  illiunination."  Good  il- 
lumination in  its  broad  sense  must  conform  not  onlv  with  the 
•canons  of  art  but  also  with  those  of  science.  In  a  narrower 
sense,  the  science  of  good  illumination,  including,  as  it  does,  the 
consideration  of  the  hygienic  or  physiological  as  well  as  the 
economical,  comprehends  factors  that  need  not  necessarily  enter 
into  the  realm  of  the  artistic.  In  other  words,  from  this  point 
of  view  illumination  may  be  artistic  but  still  very  bad. 

In  closing.  I  wish  to  thank  INFr.  Jones  for  the  valuable  facts, 
ideas  and  suggestions  he  has  put  before  us,  and  to  say  that 
though  I  do  not  agree  with  him  in  some  of  the  views  expressed, 
I  have  derived  much  benefit  from  reading  his  paper. 

Mr.  Clark. — I  agree  with  much  that  is  contained  in  the  paper. 
I  think  one  of  the  most  important  buildings  put  up  recently  is 
the  New  York  Custom  House.  The  architecture,  I  believe,  has 
been  thoroughly  commented  ui)on.  and  very  few  words  said 
about  illumination.  I  think  if  those  who  live  in  New  York  will 
go  down  there  and  examine  that  building  it  will  be  a  good 
illustration  of  the  principles  contained  in  the  paper  which  has 
been  presented  to  us  this  evening. 

vS.  IV.  Jones. — According  to  AIi.  Jones  and  his  paper,  it  would 
appear  that  most  illuminating  engineers  will  have  to  go  back 
to  their  youth  and  be  re-educated,  go  back  to  school  and  be 
brought  up  under  conditions  whicli  would  develop  in  them  an 
aesthetic  sense.  This  is  impossible,  as  we  have  to  deal  at  the 
present  time  with  present  problems.  The  illuminating  problems 
of  the  present  day  mav.  I  think,  be  aptly  divided  into  two  classes, 
modern  buildings,  such  as  office  buildings,  loft  buildings,  and 
buildings  for  mercantile  purposes,  and  then  those  which  are  cre- 
ated on  historic  principles.  The  former,  I  care  nothing  about 
dealing  with,  because  those  we  can  leave,  I  think,  safel>-  in  the 
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hands  of  the  ilhiminating-  engineer  to  be  handled  from  an  engin- 
eering standpoint ;  it  is  simply  a  question  of  efficient  lighting.  As 
to  the  latter,  as  an  architect,  I  feel  very  stronglv  inclined  to 
state  that  the  architect  is  best  fitted  to  cope  with  the  problem 
of  illuminating  such  buildings.  As  Mr.  Jones  has  stated  in 
his  paper,  the  illumination  must  be  conceived  with  the  design. 
That,  I  think,  is  the  common  practice  with  good  architects.  Of 
course,  there  are  a  number  of  architects  who  pass  lightly  over  the 
subject  of  illumination  and.  to  the  extent  that  they  do  this,  they 
blunder.  We  find  a  great  many  results  which  are  far  from  pleas- 
ing, owing  to  that  fact.  I  have  recentl\-  had  one  experience,  which 
I  think  might  be  well  stated  her?,  where  the  illuminating  engin- 
eer for  a  certain  (building — in  fact  there  is  a  picture  of  it  in  the 
paper — I  think  it  is  Fig.  17,  where  it  shows  an  example  of  the 
use  of  fixtures  as  a  part  of  the  room  furnishing.  These  fixtures^ 
as  shown,  have  seventy-two  lamps  each.  The  illuminating  engin- 
eers' plans,  or  the  electrical  engineers'  plans,  provided  only  for 
thirty-two  lamps.  Thirty-two  lamps,  from  the  engineers'  stand- 
point, were  sufficient  to  light  the  room,  \':ath  the  other  lamps 
provided,  but  when  it  came  to  the  point  of  designing  the  fixture, 
the  fixture  required  was  so  enormous,  that  thirty-two  lamps 
would  have  been  absolutely  inefficient.  It  became  a  question 
primarily  of  a  suitable  fixture,  and  since  the  fixture  would  be 
unsuitable  for  thirty-two  lamps,  the  additional  lamps  were  there- 
fore placed  upon  it.  The  lamps  were  adapted  to  the  fixture,  rather 
than  the  fixture  to  the  lamps. 

As  to  the  further  important  argument,  that  the  architect  shall 
dictate  in  the  matter  of  illuminating  buildings  based  on  historic 
creation  or  principle,  it  seems  to  me  that  it  narrows  itself  down 
to  the  point  of  a  comparison  of  the  education  of  the  architect  and 
of  the  engineer.  The  engineer,  by  reason  of  his  education,  is 
unsuited  absolutely  for  the  work  which  he  sets  out  to  do,  in  this 
particular  class  of  building.  He  has  no  conception  of  the  effects 
desired.  He  has  no  creative  ability,  no  knowledge  of  the  history 
of  architecture  and  history  of  ornamentatic^n,  and.  in  fact,  lie  is 
working  in  the  dark  absolutely.  I  think  I  am  backed  up  by  the 
profession  largely,  in  stating  that  the  architect  feels  that  he 
should  dictate  in  such  matters,  and  that  the  engineer  should  fol- 
low his  dictates,  and  that  this  will  ])roduce  the  most  efficient  results 
along  the  lines   laid   down  b\-  the   architect.      As    Air.  Jones   has 
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stated — and  I  think  correctly  from  the  architect's  standpoint — 
suitable  illumination  is  good  illumination,  and  no  matter  whether 
the  illumination  is  efficient  from  the  engineer's  standpoint  or 
not,  if  it  is  offensive  it  is  not  good  illumination  from  the  archi- 
tect's standpoint  or  the  standpoint  of  the  puiblic. 

W.  S.  KcUogg. — ^Ir.  Jones,  in  paragraph  2t,  says  ''The  mer- 
chant contemplating  the  success  of  his  schciC,  the  scientist  con- 
templating the  success  of  his  investigation,  the  artist  contem- 
plating hi«i  creations :  in  all  we  find  expressed  the  sense  of  beauty.'^ 
In  the  olden  times  the  savage  put  up  a  shack  to  keep  out  the 
elements,  but  it  was  not  architecture.  As  we  progress  we  learn 
that  the  desire  for  beauty  is  primarily  the  cause  of  architecture, 
hence  any  purely  mechanical  appliance  that  disregards  this  princi- 
pal is  unsuited  to  be  a  part  of  an  architectural  composition. 

In  paragraph  27  ]\Ir.  Jones  says :  ''A  lighting  fixture  must  be 
proportionately  heavy  if  it  is  to  be  employed  in  a  room  of  massive  • 
construction,  otherwise  the  feeling  of  balance  will  be  disturbed/' 
This  is  known  among  architects  as  ''scale,"  i.  e.  the  parts  must 
be  proportioned  one  to  the  other  while  conveying  a  proper  sense 
of  size.  One  of  the  most  conspicuous  examples  of  perfect  propor- 
tion that  yet  is  entirely  lacking  in  scale  is  the  church  of  St.  Peter's 
in  Rome.  This  may  seem  to  be  a  strange  statement  until  it  is 
explained  that  in  order  to  appreciate  the  vastness  of  anything 
there  must  be  some  object  present  so  familiar  as  to  suggest  at 
once  a  direct  comparison,  such  as  a  human  figure,  life  size.  In 
St.  Peter's  this  familiar  object  has  been  used  to  deceive  the  eye 
instead  of  assist,  for  near  the  entrance  is  a  holy  water  well 
supported  by  two  little  cupids  that  are  larger  than  the  largest 
man  instead  of  the  usual  size  of  a  child,  as  a  consequence  no- 
one  is  impressed  with  the  size  of  the  building,  and  many  visit  it 
without  thinking  that  it  is  the  largest  of  Christian  churches.  In- 
designing  fixtures  as  well  as  buildings  it  is  manifestly  necessary 
to  keep  them  in  harmony  with  the  setting.  If  incandescent  lamps- 
be  used  to  light  a  large  room,  sufficient  light  can  be  obtained 
if  the  lamps  are  suspended  from  cords,  but  if  any  attention 
has  been  given  to  rendering  the  room  attractive  such  an  arrange- 
ment can  never  be  described  as  satisfactory  no  matter  how 
efficient  from  a  utilitarian  point  of  view. 

In  paragraph  31,  I\Ir.  Jones  says:  "Ornament  not  to  be  vulgar 
must  be  handled  with  exquisite  taste  and  sense  of  propriety,  for 
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in  onianicnt  more  than  in  anxthing-  else  we  niav  read  the  mental 
standards  of  the  period.  An  intimate  knowledge  of  its  history 
and  use  is  essential  for  its  proper  treatment."  In  view  of  the 
commercial  methods  in  vogue  to-day,  that  paragraph  means 
much.  Stock  fixtures,  lamps  and  electrical  appliances  are  turned 
out  at  a  very  low  cost,  but  sad  to  say,  they  attempt  to  satisfy 
a  vulgar  taste  by  adding  so-called  ornament  with  no  addition  to 
the  cost  of  the  objects  and,  as  might  be  expected,  the  stamped 
ornament  so  much  used  is  too  fearful  to  describe.  Better  make 
all  stock  material  severely  plain,  as  good  simple  lines  and  surfaces 
are  in  better  taste  than  any  cheap  ornament. 

In  paragraph  33  we  find  ''I  have  noticed  on  the  part  of  many 
contributers  to  the  literature  of  illumination,  a  disposition  to  decry 
and  criticise  the  limitations  which  architects  place  on  their  wo^k." 
This  charge  is  made  by  all  who  come  in  contact  with  the  archi- 
tect. If  the  architect  allowed  each  contractor  to  do  as  he  pleased 
the  resulting  structure  might  be  interesting  as  a  museum  of  the 
arts,  but  the  owner  would  be  apt  to  find  it  quite  unsuited  to  his 
purpose.  The  architect  must  be  an  arbitrary  person,  or  all  of  his 
time  w^ould  be  spent  in  polite  explanation. 

In  paragraph  33  Mr.  Jones  also  remarks  that  "The  business  of 
the  illuminating  engineers  is  to  modernize  old  methods  without  de- 
stroying them.  That  is  quite  true.  In  the  old  days  they  used 
a  dish  of  oil  with  a  wick  floating  in  it.  but  the  ancients  would 
have  been  glad  to  exchange  the  smoke  and  smell  for  some  of  our 
improvements.  It  is  questionable,  however,  if  they  would  not 
have  been  content  with  the  mechanical  improvement  and  been  as 
well  satisfied  with  the  old  quantity  of  light.  The  present  tend- 
ency is  not  increased  efficiency  of  the  old  units  to  which  we  are 
accustomed,  but  rather  a  move  toward  lamps  that  give  increased 
light  for  the  old  consumption  of  current.  In  the  old  days  people 
found  candle  light  very  satisfactory,  but  expensive,  and  as  they 
now  can  use  gas,  or  oil.  or  electricity  at  less  cost,  they  arc  gen- 
erally used,  and  the  candle  is  used  on  the  rare  occasions  when 
its  portabilit}'  or  softness  of  light  makes  it  far  preferable.  The 
present  sixteen-candle-power  unit,  as  used  in  incandescent  lamps 
is,  in  my  judgment,  too  higli  ;  my  preference  is  for  a  standard 
lamp  of  eight-candle-power  or  smaller.  The  present  prevailing 
habit  of  wearing  glasses  is  due  very  largely  to  our  abuse  of  mod- 
ern  improvements   in   the  lighting  units.      T   came   to  appreciate 
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this  a  short  tinie  ^go  when  investigating  some  complaints  of  poor 
lighting  in  a  bnilding  recently  built,  in  which  I  gave  particular 
attention  to  getting  plenty  of  light.  When  the  complaints  started 
T  laughed  at  them,  but  as  they  continued  I  made  up  my  mind  to 
visit  the  building.  Some  of  the  attractive  glass  advertised  to  cure 
all  lighting  troubles  had  been  used  and  the  result  was  a  glare  of 
light  coming  from  all  directions  that  made  one's  e^es  ache.  There 
was  twice  the  light  that  was  necessary,  but  as  the  users  knew  it 
hurt  their  eyes  they  complained  of  lack  of  light,  while  the  remedy 
was,  reduce  the  intrinsic  brilliancy. 

In  paragraph  34,  ]\'Ir.  Jones  says:  ''Note  the  absolute 
harmony  both  in  proportion  and  in  detail,  denoting  through- 
out the  expression  of  a  single  idea.  No  other  scheme  of 
illumination  and  no  other  type  of  fixture  could  have  been 
used  without  marring  the  entire  effect.  Such  illumination 
is  good  illumination."  The  room  described  was  not  in- 
tended to  be  lighted  to  permit  the  easy  reading  of  the  daily 
paper.  The  modern  millionaire  who  desires  a  reproduction  of 
this  room  in  his  home  and  insists  upon  the  brilliant  lighting  of 
a  bar  room  should  blame  the  lighting  layout,  not  the  long  suffer- 
ing architect,  when  the  room  is  found  to  be  quite  different  in 
effect  from  the  original. 

Mr.  Jones  further  says,  in  paragraph  34:  ''The  laws  of  con- 
struction are  an  after  consideration,  a  means  of  checking  the 
proportion,  to  see  if  it  is  safe.  So,  too,  the  illuminating  engineer 
must  use  the  laws  of  distribution,  not  as  a  method  of  deter- 
mining what  the  distribution  shall  be,  but  as  a  means  of  adapting 
the  lamps  to  the  distribution  required.  It  is  not  a  question  of 
foot-candles,  it  is  a  question  of  how  much  light  is  needed.  And 
it  is  more  often  a  question  of  quality  than  quantity.''  This  is 
the  keynote  of  successful  illumination.  He  who  is  primarily  in- 
terested in  the  quality  of  the  illumination  must,  as  a  result,  secure 
just  the  right  amoimt  of  light,  as  otherwise  the  quality  will  not 
be  all  that  is  desired.  The  great  curse  of  the  engineering  profes- 
sion is  the  inbred  belief  that  efficiency  is  the  only  thing  that 
counts.  Some  years  ago  I  met  an  engineer  who  has  just  visited 
the  great  monuments  of  Rome.  He  was  not  pleased  with  them. 
He  said  the  Romans  were  not  engineers,  because  any  fool  could 
make  a  structure  stand  if  he  used  such  an  excess  of  material.  He 
probably  thinks  a  steel  railroad  bridge  more  beautiful  than  an  old 
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Roman  aqueduct,  but  some  of  us  are  glad  to  stand  without  his 
gates  and  keep  to  our  childish  beliefs. 

F.  R,  Lansingh. — After  hearing  what  some  of  the  gentlemen 
have  said  here  to-night,  it  seems  to  me  taken  for  granted  that  the 
illuminating  engineer  cannot  possibly  have  any  sense  of  the  artis- 
tic, and  on  the  other  hand  that  the  architect  cannot  have  any 
sense  of  engineering  principles ;  that  each  is  engaged  in  his  own 
line  and  cannot  understand  either  the  motives  or  the  feelings 
which  prompt  the  other ;  this  view,  I  am  sure,  should  be  modified. 
It  is  true  that  a  large  percentage  of  the  work  of  the  illuminating 
engineer  is  purely  utilitarian ;  dealing,  as  it  does,  with  the  lighting 
of  office  buildings,  warerooms,  stores,  etc.,  where  the  artistic  ef- 
fects are  not  necessarily  of  prima/y  importance,  but  it  seems 
to  me  that  if  the  illuminating  engineer  is  of  the  high  mark  which 
we  would  all  wish  to  have  him,  he  should  be  thoroughly  in  sym- 
pathy with  the  ideas  which  move  the  architect.  On  the  other  hand, 
the  architect  should  certainly  know  the  fundamentals  of  illumi- 
nating engineering  just  as  he  is  required  to  know  the  funda- 
mentals of  other  engineering  branches,  and  he  should  be  able  to 
carry  out  his  artistic  ideas  with  an  eye  to  both  economy  of  cost 
and  operation. 

In  those  places  where  the  fixtures  and  the  lighting  must,  on  the 
whole,  correspond  with  the  architectural  features  of  the  building, 
I  am  thoroughly  in  sympathy  with  the  ideas  of  Mr.  Jones  and 
Mr.  Kellogg;  that  the  architectural  treatment  of  the  subject 
must  be  considered  first,  and  that  the  artistic  requirements  are  of 
primary  importance.  Nevertheless,  it  is  possible  that  even  in  such 
?;  case  the  skill  of  the  illuminating  engineer  can  be  used  to  good 
advantage  without  sacrificing  the  architect's  ideas. 

The  lighting  of  the  lobby  of  the  Manhattan  Hotel  has  been 
spoken  of  several  times.  I  believe  that  in  this  case  economy  is  of 
practically  no  importance,  inasmuch  as  the  artistic  requirements 
are  to  be  considered  first,  and  any  attempt  to  cut  down  either  the 
first  cost  or  the  operating  cost  would  have  been  ill-advised.  Such 
examples  as  this,  however,  are  few  and  far  between,  and  even  in 
such  cases  the  skill  of  the  illuminating  engineer  can,  as  a  rule,  be 
used  to  produce  the  same  artistic  effects  at  a  lower  cost. 

In  Europe  I  believe  that  ten-candle-power,  rather  than  the 
sixteen-candle-power  lamp,  is  standard,  and  I  look  forward  to  a 
great  development  in  our  lighting  when  we  can  make  the  newer 
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types  of  metal  filament  lamps  in  smaller  units.    This  is  especially 
true  of  residence  lighting. 

The  example  of  the  Grand  Trianon  has  been  mcr'tioned  sev- 
eral times  to-night.  It  is  true  that  the  lighting  of  this  room, 
considered  as  a  ball  room  only,  is  good,  but  when  used  for  its 
present  purpose,  as  a  picture  gallery,  the  lighting  is  probably 
poor.  The  lighting  of  a  room  should  be  in  keeping  with  the 
purposes  for  which  it  is  designed,  and  we  should  certainly  not 
blame  the  lighting  if  it  is  not  in  keeping  with  the  changed  uses. 
In  such  a  case  as  this  we  would  have  to  choose  between  lighting 
our  pictures  and  sacrificing  to  some  extent,  the  idea  of  the  room 
as  a  whole,  or  on  the  other  hand,  to  sacrifice  the  lighting  of  our 
pictures. 

A.  J.  Marshall. — I  have  listened  to  ^Iv.  Jones's  paper 
with  a  great  deal  of  interest,  but  I  desire  to  take  exception  to  his 
statement  that  the  illuminating  engineer  has,  unfortunately,  little 
opportunity  of  learning  to  appreciate  beautiful  things,  and  that 
his  limitation  in  this  regard  often  leads  him  to  accent  what  he 
terms  practical   considerations. 

I  think  it  is  a  grave  error  to  suggest  that  there  are  no  illumi- 
nating engineers  capable  of  dealing  intelligently  with  the 
aesthetic,  as  well  as  the  economical  and  practical  sides  of  illumi- 
nating engineering.  Men  who  are  interested,  and  vitally  inter- 
-ested  in  this  movement,  have  worked  hard  and  earnestly  to  bring 
this  science  to  the  public  in  such  a  way  that  they  would  consider 
it  of  importance  to  have  someone  who  was  familiar  with  the 
different  phases  entering  into  the  work,  to  take  charge  of  it. 

If  Mr.  Jones  desires  simply  to  make  the  statement  that  illumi- 
p-ating  engineers  should  know  the  aesthetic  side,  I  most  heartily 
agree  with  him,  but  if  he  makes  the  statement  that  there  are  no 
illuminating  engineers  who  appreciate  and  are  capable  of  handling 
this  phase  intelligently,  then  I  most  assuredly  disagree  with  him. 
There  are  some  illuminating  engineers  who  are  thoroughly  quali- 
fied to  discuss  things  architectural  with  some  of  our  best  archi- 
tects, but  of  course,  engineers  of  this  ability  are  not  running 
around  loose,  willing  to  give  their  opinion  on  some  intricate 
installation  on  the  spur  of  the  moment. 

As  an  example  of  an  architect's  conception  of  what  should  be 
used  under  given  conditions,  I  refer  to  the  lighting  system  em- 
ployed in  the  cafe  of  the  new  Plaza  Hotel,  New  York  city.     Ref- 
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ereiice.  to-niolil.  has  been  made  to  this  lig-hting  system  as  beiiii^*. 
as  a  whole,  harmonious  and  attractive.  If  my  memory  serves 
me  right,  the  Hg-hting  fixture  used  in  this  cafe  contains  candles, 
which  in  turn  are  equipped  with  round,  frosted  lamps  to  imitate  a 
candle  flame.  Personally,  I  have  never  had  the  pleasure  of  see- 
ing any  symmetrically,  round  candle-flames,  but  as  these  are 
spoken  of  as  German  fixtures,  it  may  be  that  such  candle-flames 
can  be  found  in  Germany. 

G  cor  or  H.  Stickncy. — The  paper  deals  in  a  masterly  way  with 
a  line  of  thought  which  it  is  difficult  to  express.  The  extreme 
idealistic  treatment  is  no  doubt  intended  to  counteract  the  tend- 
encies to  which  engineers  are  liable.  In  reality  those  who  have 
had  the  greatest  amount  of  experi^^nce  in  illuminating  engineering, 
have  realized  the  importance  of  the  aesthetic  considerations  in  cer- 
tain classes  of  lighting  problems.  They  have  given  this  phase  of 
the  prdblem  much  more  thought  than  is  commonly  supposed. 

Naturally  the  illuminating  engineer  was  first  called  in  on  those 
problems  where  economy  and  effective  distribution  of  light  were 
of  maximum  importance,  and  the  aesthetic  quantities  secondary 
considerations,  as  in  the  case  of  ordinary  workrooms. 

Going  from  such  problems  to  those  of  store  lighting  the  in- 
creased importance  of  the  aesthetic  considerations  becomes  im- 
mediately apparent.  At  the  other  extreme  we  find  fine  churches, 
public  buildings,  hotels,  and  the  like,  where  emphasis  is  placed 
on  the  architectural  features  and  decoration.  Here  economy  must 
give  precedence  to  the  aesthetic. 

The  experienced  engineer  approaches  such  a  problem  with 
considerable  caution,  and  if  possible  works  in  co-operation  with 
tlie  architect  responsible  for  the  design. 

The  paper  appears  to  criticise  the  methods  of  the  architect  as 
well  as  those  of  the  engineer.  The  highest  success  of  either  voca- 
tion must  certainly  depend  on  intelligent  co-operation  of  the 
architect  with  the  illuminating  engineer.  Some  of  the  best  archi- 
tects realize  this  and  are  relying  more  and  more  on  the  recom- 
mendations of  the  illuminating  engineer. 

On  the  other  hand,  it  is  incumbent  on  the  illuminating  engineer 
that  he  weigh  his  problems  with  care  and  give  proper  value  to 
aesthetic  considerations  as  well  as  engineering  questions.  It  is 
also  very  important  that  illuminating  engineers  should  be  accu- 
rate and  true  in  the  determination  and  use  of  data.     Xo  greater 
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danger  threatens  illuminating  engineering  as  a  profession  than 
the  discredit  which  will  be  sure  to  follow  a  careless  and  unscrupu- 
lous handling  of  data. 

In  lighting  problems  a  peculiar  condition  exists  due  to  the  close 
and  frequent  comparisons  which  can  be  and  are  made  between 
the  artificial  illumination  and  daylight.  Whether  the  illumination 
be  intended  to  supplement  daylight  during  the  hours  of  darkness 
or  to  extend  illumination  to  places  where  daylight  is  inaccessible, 
the  users  have  frequent  opportunities  for  comparison.  The  com- 
i^arison  is  usually  to  the  disadvantage  of  the  artificial  iiiumniation. 

The  sun  sets  us  a  standard  which  demands  improvement  in 
artificial  illumination  as  fast  as  our  knowledge  of  materials  and 
methods  permits.  In  responding  to  the  demand  the  engineer 
sometimes  tends  to  neglect  historical  standards. 

I  wish  to  speak  a  word  for  the  fixtures  which  have  been  pro- 
duced by  manufacturers  of  the  various  forms  of  illuminants.  In 
general,  these  have  appeared  to  satisfy  a  demand  for  greater  con- 
sideration of  the  economic  element.  Some  of  these  fixtures  have 
undoubtedly  violated  some  of  the  usual  requirements  of  aesthetic 
design.  In  some  cases  this  has  been  due  to  lack  of  knowled.fre 
on  the  part  of  the  designer,  but  a  large  degree  it  was  due  to  the 
economic  limitations. 

In  some  particular  cases,  I  know  that  the  engineers  have  felt 
this  lack,  and  have  made  every  effort  to  conform  with  aesthetic 
requirements  as  much  as  possible  without  seriously  detracting 
from  the  practical  value  of  their  apparatus. 

Mr.  Hopkins. — The  fixture  designer  and  the  manufacturer 
of  lighting  fixtures  have  been  interested  observers  of  what  has 
been  developed  by  the  illuminating  engineers ;  they  have  kept 
themselves  posted  on  the  new  appliances  that  have  been  produced 
from  time  and  have  read  the  criticisms  made  against  some  of 
their  cherished  traditions  in  regard  to  fixture  construction.  We 
are  delighed  that  an  article  has  at  last  appeared  in  which  our 
opinions  on  the  important  question  of  proper  artistic  illumination 
are  so  ably  and  fully  stated.  So  admirable  a  paper  as  we  have 
listened  to  needs  no  additional  arguments  and  what  little  I  may 
say  will  be  merely  to  lay  particular  emphasis  on  some  if.  what 
we  consider  to  be,  the  most  important  points. 

As  far  as  I  know  the  term  illuminating  engineer  is  only  about 
six  years  old  and  the  profession  of  illuminating  engineering  is 
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u  product  of  our  owu  day.  It  seems  to  have  grown  up  coincident 
with  the  development  of  high  candle  power,  electric  lamps  and 
];rismatic  glassware.  Mewed  in  its  broadest  sense  it  would  seem 
that  llic  term  "illuminating  engineer"  is  not  entirely  suited  to  the 
profession,  but  that  "lighting  expert"  or  "lighting  specialist" 
would  more  fittingly  describe  the  broad  scope  that  the  profession 
should  cover.  One  of  the  oldest  theories  regarding  an  engineer 
is  that  his  function  is  to  produce  ultimately  the  most  interest  for 
every  dollar  of  invested  capital.  This  I  admit  is  a  sweeping 
definition  and  might  be  applied  equally  well  to  other  professions 
than  that  of  engineering.  Engineers  in  other  branches  supply 
the  architect  with  his  working  data  regarding  the  strength  of 
steel,  iron,  concrete  and  other  material.  They  calculate  the 
strains  in  supporting  members,  aid  him  in  the  selection  of  the 
building  materials  and  provide  for  the  purely  mechanical  portion 
of  the  equipment.  As  the  author  has  said,  ''This  data  furnished 
by  the  engineers  is  a  means  of  checking  the  proportion  of  con- 
struction that  the  architect  plans  to  adopt."  So  the  illuminat- 
ing engineer  should  determine  the  power  and  efficiency  of  certain 
light  sources,  plot  the  curves  of  intensity  if  required  and  arrange 
for  the  purely  machanical  means  of  locating  and  distributing 
the  light  of  the  quality  and  quantity  desired  by  the  architect  in 
completing  his  design.  In  doing  this,  "he  must  modernize  old 
methods  of  illumination  without  destroying  them."  The  illum- 
inating engineer  can  exercise  the  function  of  engineer  to  excel- 
lent advantage  in  office  buildings,  stores  and  other  structures  that 
are  commercial  in  their  character  and  are  relatively  bare  of 
ornament.  In  such  cases  the  lighting  fixtures  may  properly  be 
considered  to  be  a  portion  of  the  engineering  equipment  of  the 
ibuilding  and,  therefore,  subject  to  the  same  study  and  planning 
for  efficiency  and  economy.  Equipped  with  his  data  regarding 
light  curves,  efficiency  and  candle  power  of  the  latest  type  of 
lamps,  and  values  of  wall  and  ceiling  reflection,  he  can  safely 
be  trusted  to  recommend  appliances  for  such  cases  and  show 
a  true  economy  of  maintenance.  In  this  instance  lighting  comes 
under  the  same  heading  as  heating,  ventilating,  elevator  service, 
etc. ;  and  the  cost  of  suitable  light  per  square  foot  of  rentable 
office  or  floor  area  is  the  item  that  vitally  concerns  him.  Where 
for  scientific  reasons  he  thinks  it  is  necessary,  the  fixture  designs 
must   1)e    in   accord   with   his   plans.      It   would   appear   that   this 


DiscrssioN 


51 


mij^lit  be  a  narrowiiifjf  field  to  the  ambitious  engineer.  Bv  his 
work  he  is  training  others  and  the  problems  being  repeatedly 
solved  in  a  simple  way  cease  to  be  problems  where  conditions, 
as  is  often  the  case,  are  very  much  alike.  It  might  of  course  be 
argued  that  lighting  appliances  are  being  continually  improved, 
that  new  lamps  and  reflectors  are  being  produced  and  that  this 
in  itself  gives,  novelty  to  the  solutions  of  the  problems,  but  the 
illuminating  engineer,  be  he  satisfied  only  to  keep  posted  on  such 
matters,  is  not  training  himself  for  his  broadest  usefulness.  He 
is  content  to  be  an  engineer  and  not  an  expert,  if  I  mav  be  per- 
mitted to  draw  this  distinction.  The  danger  arises  when  in  his 
zeal  for  economv  of  maintenance  the  illuminating-  engfineer  at- 
tacks  the  more  difficult  problems  where  the  architect  has  designed 
wath  a  definite  purpose  and  where  he  attempts  to  apply  the  sarrie 
rules  and  follow  the  same  method  of  procedure  as  he  has  in 
coniniercial  buildings.  He  becomes  dangerous  to  the  extent  that 
he  fails  to  consider  just  the  limitations  imposed  upon  him  by 
the  architect's  design. 

I  cannot  help  thinking  that  in  the  matter  of  lighting  there  seems 
to  be  too  sharp  a  line  draw^n  between  cost  of  maintenance  and 
interest  on  investment.  Can  we  suppose  that  an  intelligent  build- 
ing owner  is  willing  to  expend  thousands  of  dollars  on  the  orna- 
mentation and  decoration  of  his  building,  on  the  rugs,  paintings 
and  other  furnishings  wdiich  he  and  his  architect  have  selected 
with  the  most  pains-taking  care,  so  to  warp  his  judgment  as  to 
jeopardize  the  returns  in  satisfaction  and  pleasure  from  the  in- 
vestment represented  by  the  cost  of  these  decorations  and  furnish- 
ings? Take,  for  example,  the  magnificent  new  Plaza  Hotel 
(New^  York),  just  completed.  I  suppose  the  decorations  and 
furnishings  of  this  hotel  represents  an  outlay  running  into  the 
hundreds  of  thousands,  if  not  millions,  of  dollars,  and  this  in- 
vestment represents  an  annual  cost  of  thousands  of  dollars  as  in- 
terest on  the  invested  capital.  Would  it  not  be  the  height  of 
folly  to  allows  the  consideration  of  economical  lighting  to  be 
carried  to  such  an  extent  as  to  minimize  ever  so  slightly  the 
beauty  and  attractiveness  of  the  equipment  represented  bv  enorm- 
ous investment?  It  would  be  far  better  if  the  error  should  Ibe 
on  the  side  of  a  trifle  too  high  a  cost  of  maintenance,  if  the  most 
c'ppropriate  illumination  from  the  architectural  standpoint  could 
therebv  be  secured. 
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There  seems  to  be  a  feeling  that  the  fixture  designer  and  light- 
ing specialist  has  been  working  in  the  past  on  a  purely  hit  or 
miss  principle ;  that  he  has  not  possessed  the  necessary  scientific- 
data  to  handle  the  subject  properly,  and  that  he  has  not  given  it 
the  careful  study  that  he  should.  While  this  may  be  true  of 
some  so  called  designers  of  fixtures,  it  is  by  no  means  true  of 
all,  we  are  glad  to  say.  We  admit  that  there  are  many  examples 
of  badly  constructed  fixtures  on  the  market  and  will  continue 
to  be  so  long  as  there  are  manufacturers  who  are  either  un- 
educated or  unscrupulous  as  regards  the  proper  methods  of" 
construction.  The  standard  of  some  manufacturers  seems  to  be 
a  standard  of  quantity  of  brass  work,  regardless  of  the  appropri- 
ateness of  the  fixtures  that  they  recommend  for  the  locations" 
where  they  are  to  be  used.  In  some  cases  the  customers  them- 
selves are  to  blame  for  such  poor  designs,  as  they  are  entirely 
misinformed  as  to  what  they  require  and  insist  on  having  faulty 
constructions  against  the  advice  of  the  fixture  designer.  It  is 
only  fair  to  say  that  the  latter  are  loath  to  furnish  such  construc- 
tions and  often  put  forth  all  their  efforts  to  persuade  the  costumer 
to  have  what  is  right,  even  to  the  extent  of  destroying  some  of 
customer's  pet  schemes  of  lighting.  It  occasionally  happens  that 
a  designer  will  go  to  the  extent  of  declining  an  order  rather  than 
furnish  fixtures  that  he  knows  are  ill  suited  to  the  customer's- 
conditions. 

It  is  difficult  to  tell  just  where  the  fi.xture  designer  and  light- 
ing specialist  should  begin  his  work.  In  important  cases  it  might 
be  advisable  to  have  the  fixtures  considered  before  the  complete 
plans  are  drawn,  and  certainlv  l^efore  the  electric  ontlets  are 
located  definitely.  Many  and  many  a  time,  in  studying  over  the 
plans  for  some  installation,  he  has  found  that  the  outlets  are  poorly 
located  for  a  distribution  of  light  in  accordance  with  the  archi- 
tectural scheme,  making  it  necessary  for  the  customer  to  change 
them,  even  at  a  considerable  expense.  It  is  only  fair  to  say 
that  in  such  cases  the  customer  has  appreciated  that  this  appar- 
ently unnecessary  outlay   was  entirely   warranted. 

Remember  that  the  fixture  designer  and  lighting  specialist  has 
studied  ornament  and  decoration  for  years.  He  is  thoroughly 
conversant  with  its  historical  precedent  and  knows  with  that 
deep-rooted  knowledge  that  comes  with  observation  and  study,, 
tlie  pro])cr  treatment  tliat  it  should  be  given  as  regards  illumina- 
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tion.  Is  he  open  to  criticism  because  he  does  not  talk  glibly  of 
foot-candles  or  seize  upon  every  new  lamp  as  soon  as  it  comes 
-out?  Do  not  think  that  he  does  not  make  intelligent  use  of 
these  methods  of  calculation  nor  does  not  weigh  the  value  of 
any  new  appliance;  he  uses  them  intelligently,  just  as  far  as  the 
limitations  of  the  design  will  permit  him  to.  The  fixture  de- 
signer has  been  trained  in  the  school  of  experience  and  each  dif- 
ficult architectural  problem  that  he  successfully  solves  gives  him 
the  necessary  data  to  aid  him  in  the  solution  of  problems  of  a 
similar  nature.  These  similarities  do  not  arise  very  often  and, 
as  a  whole,  each  plan  must  be  treated  as  a  distinct  problem, 
but  there  are  certain  fundamental  principles  that  he  has  worked 
out  successfully  on  other  installations  that  can  be  modified  to 
meet  the  problem  under  consideration.  It  must  be  born  In  mind 
that  problems  in  illumination  do  not  admit  of  exact  solutions. 
The  sources  of  light  vary  in  intensity,  the  various  reflectors  lose 
a  portion  of  their  value  if  not  properly  taken  care  of,  .md  there 
is  always  considerable  uncertainty  regarding  tV.e  value  of  the 
reflection  from  the  walls  and  ceilings. 

As  regards  the  light  required  for  different  conditions,  there 
also  seems  to  be  a  large  field  for  the  exercise  of  judgment.  There 
has  been  a  table  prepared  giving  the  number  of  foot-candles  re- 
quired, or  recommended,  for  diftei'ent  conditions,  and  I  fo  ind 
that  they  vary  with  a  range  in  some  cases  of  20c  per  cent.  In 
view  of  this  it  would  seem  that  while  the  illuminating  engineer 
can  make  use  of  certain  figures  and  information  that  he  'secures 
from  tests  of  different  appliances,  he  must  largely  exercise  his 
judgment,  and  this  judgment  must  be  backed  by  the  experience 
obtained  by  successful  accomplishment.  In  other  words,  both 
the  fixture  designer  and  the  illuminating  engineer  base  their  work 
on  data  and  information  that  is  the  result  of  actual  experience. 
Is  it  not  much  more  important,  then,  that  the  fixture  designer 
and  lighting  specialist  shall  make  a  careful  study  of  the  lighting 
problem  in  the  light  of  its  architectural  value,  rather  than  in 
scientifically  calculating  just  what  number  of  foot-candles  this 
light  may  reasonably  be  expected  to  produce  and  comparing  his 
result  with  some  arbitrary  table  of  figures? 

Reference  has  been  made  in  this  paper  to  the  lighting  of  the 
corridor  of  the  Manhattan  Hotel,  and  can  it  be  supposed  that 
'.this  lighting  was  done  on  the  hit  or  miss  principle? 
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This  corridor  is  one  of  the  most  beautifully  lighted  rooms  in  the 
city,  and  it  is  interesting"  to  note  that  the  fixtures  furnishing- 
this  light  violate  many  of  the  structural  rules  formulated  iby  the 
illuminating  engineers.  The  lamps  arc  directed  upward  in  a 
vertical  position  and  they  have  a  considerable  mass  of  metal  di- 
rectly beneath  theni.  (^n  the  other  hand,  the  fixtures  are  in  ab- 
solute architectural  harmony  with  the  surroundings,  and  careful 
consideration  was  given  to  the  matter  of  diffusion  of  the  light 
by  the  use  of  opalescent  glassware  and  also  from  reflection  from 
the  light  tinted  ceiling  and  walls.  After  inspecting  such  an  in- 
stallation, can  we  feel  for  one  moment  that  this  is  the  result  of 
guess  work  ? 

Reference  has  also  been  made  to  cafe  of  the  new  H!)tel 
Plaza,  and  it  might  be  interesting  to  ascertain  what  the  illuminat- 
ing engineers  would  have  recommended  for  these  particular  lo- 
cations. It  mig-ht  be  that  they  would  have  recommended  fc:\"pr 
and  more  powerful  lamps  ;  they  might  have  suggested  prismatic 
reflectors,  to  throw  the  light  to  the  floor ;  or,  i)erha]:>s,  they  mif^-ht 
have  taken  away  the  fixtures  altogether  and  suggesed  some  form 
of  concealed  or  ceiling  lighting.  This  ]:)roblem,  like  all  others, 
was  very  carefully  considered.  The  designer  put  himself  into 
absolute  architectural  harmonx'  with  the  scheme  of  the  architect, 
and  the  result  is  probably  perfect  illumination  froni  an  architec- 
tural standpoint.  In  all  these  cases  the  fixtures  are  massive  and 
are  of  much  more  than  the  required  strength  for  the  mere  sup- 
port of  lamps.  They  are  absolutely  a  part  of  the  architectural 
decoration  of  the  room,  and  their  absence  would  make  a  break 
in  the  continuity  of  the  architectural  scheme. 

/.  vS'.  Codinaii. — For  a  long  time  the  illuminating  engineer  has 
been  prodding  the  architect,  and  the  fixture  dealer,  and  getting 
no  response,  and  he  had  begun  to  think  that  he  was  thrashing 
a  dead  donkey.  At  last,  however,  the  architect  and  fixture  dealer 
have  awakened,  and  hit  back  hard  at  the  illuminating  engineer. 
I  think  the  illuminating  engineer  welcomes  the  attack  and  is 
glad  to  he  on  the  defensive,  and  on  the  whole,  the  defense  he  has 
made  to-night  has  been  a  good  one.  (lenerally  speaking,  he  has 
denied  most  of  the  charges.  He  says,  first.  "I  do  not  pretend  to 
know  it  all";  secondly,  'T  do  not  believe  that  the  artistic  should 
be    entirc'lv    subordinated    to    the    utilitarian.      (  )n    the    contrarw 
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I  feel  that  in  a  great  many  cases  the  artistic  side  of  the  question 
is  by  far  the  more  important." 

The  fact  is,  that  since  the  formation  of  the  IHuminating-  Engin- 
eering Society,  the  illuminating  engineer  has  been  continually 
urging  on  the  architect  and  fixture  dealer  the  importance  of  the 
hitherto  neglected  engineering  side  of  the  question,  and  it  is, 
perhaps,  natural  that  the  architect  and  fixture  dealer  have  jumped 
to  the  conclusion  that  he  could  think  of  nothing  else. 

E.  L.  Elliott. — In  the  work  of  their  professions,  the  architect 
and  the  illuminating  engineer  meet  on  a  certain  zone  of  neutral 
or  common  ground.  That  the  laws  of  neutrality  may  be  prop- 
erly preserved  therefore,  it  is  essential  that  both  parties  recognize 
the  boundaries  of  this  zone ;  after  which  each  can  range  with 
more  or  less  liberty  over  the  preserves  of  the  other  without  being 
looked  upon  as  a  ''poacher."  Let  us  therefore  attempt  to  discover 
the  boundaries  of  this  common  territory. 

The  word  "architect"  literally  means  the  ''master-builder."  and 
this  broadly  defines  his  profession.  A  building  is  made  uj)  cf 
many  elements,  the  details  of  which  the  architect  must  be  nice 
or  less  familiar  with,  but  it  is  his  special  business  to  see  that  all 
the  elements  are  properly  co-ordinated,  so  to  as  to  make  the  total 
result  a  complete  and  successful  unit.  The  nuniber  of  elements 
entering  into  the  structure  and  design  of  modern  buildings  is 
vastly  greater  than  anything  conceived  of  in  ancient  or  mediaeval 
times.  With  this  great  increase  in  the  elementary  problems  ha.^ 
come  a  demand  for  correspondingly  greater  knowledge  of  details, 
with  the  result  that,  in  niany  cases,  the  requisite  knowledge  has 
broadened  to  such  an  extent  as  to  render  a  sub-division  neces- 
sary in  order  to  leave  the  master-builder  free  to  follow  his 
legitimate  office  of  co-ordinating  the  various  details.  This  has 
given  rise  to  an  increasing  number  of  specialists,  or  engineers ; 
and  the  latest  among  these  is  the  illuminating"  engineer. 

Take,  for  example,  the  modern  sky-scraper.  Tt  is  almost  en- 
tirely an  aggregate  of  engineering  problems  :  there  is  very  little 
"architecture,"  in  the  old  sense  of  the  term,  necessary  in  its 
construction.  In  fact,  it  is  quite  conceivable  that  such  a  build- 
ing should  be  put  up  by  an  engineer,  with  possibly  some  assist- 
ance from  an  architect  acting  simply  in  a  consulting  capacity. 
On  the  other  hand,  the  new  public  library,  and  the  Cathedral 
of   St.   John    (New   York)    are    essentially   architectural    works. 
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While  each  has  its  utilitarian  ])urpose,  as  structures  they  stand 
for  much  more  than  a  mere  store-house  for  books,  or  meeting 
place  for  worship.  Good  or  bad,  they  stand  as  monuments  of 
the  building  art  as  conceived  in  the  beginning  of  the  twentieth 
century. 

After  all  is  said  and  done,  however,  a  building  is  primarily  utili- 
tarian ;  and  by  far  the  largest  part  of  all  buildings  are  essentially 
utilitarian,  and  only  incidentally  architectural.  Among  the  utili- 
ties of  building  none  has  changed  more  in  its  relative  importance 
under  ancient  and  modern  conditions  than  artificial  lighting.  The 
greatest  monuments  of  ancient  architecture  are  the  Grecian 
temples,  and  we  have  no  definite  knowledge  to-day  of  how  these 
Vv-ere  lighted,  either  by  artificial  or  natural  light.  They  had  no 
means  of  receiving  daylight  unless  through  the  roofs,  which  have 
long  since  disappeared.  As  they  were  temples  of  worship,  it  is 
probable  that  only  dim  illumination  was  desired ;  and  yet  these 
comparatively  unlighted  heathen  temples  are  taken  as  models  for 
the  construction  of  every  form  of  modern  building,  from  a 
garden  house  to  a  sky-scraper,  regardless  of  the  purpose  for 
which  they  are  to  be  used,  or  the  location  in  which  they  are  to 
be  set.  A  building  intended  for  the  observance  of  religious  rights 
in  its  interior,  and  perched  on  a  commanding  eminence  in  the 
peculiarly  brilliant  atmosphere  and  sunlight  of  the  Mediterranean, 
is  revamped  for  a  building  to  be  used  as  a  modern  library  or  office 
building,  and  crowded  in  among  the  plebian  structures  in  the 
narrow  street  of  a  modern  city,  whose  atmosphere  is  thick  with 
soot  from  rolling  mills  and  foundries.  Such  is  the  power  of 
''historic  feeling." 

The  modern  building  is,  generally  speaking,  the  joint  work  of 
engineer  and  architect ;  to  the  extent  that  the  purpose  of  a  build- 
ing is  utilitarian  does  the  work  of  the  engineer  take  precedence 
over  that  of  the  architect?  In  the  building  of  a  central  station, 
for  instance,  no  architectural  consideration  would  for  a  moment 
hold  against  the  requirements  of  either  the  mechanical  or  electri- 
cal engineer  in  securing  the  ends  of  efficiency  and  economy  in 
operation.  On  the  other  hand,  in  all  matters  concerning  the  gen- 
eral aesthetic  effect,  both  exterior  and  interior,  the  architect  takes 
precedence  over  the  engineer.  The  artificial  lighting  of  a  build- 
ing is  primarily  a  utilitarian  element,  and  consequently  belongs 
to  the  engineer ;  but  since  the  methods  and  apparatus  used  for 
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the  lighting  are  in  themselves  proper  subjects  for  decoration,  and 
since  the  lighting  furthermore  plays  a  very  considerable  part  in 
bringing  out  the  architectural  and  decorative  features,  there  is  a 
phase  of  the  subject  which  particularly  falls  within  the  province 
of  the  architect.  The  lighting  should  be  both  efficient  as  to 
■quality  and  results,  and  at  the  same  time  fulfil  the  requisite 
■demands  of  the  aesthetic ;  and  it  is  for  these  reasons  that  the 
architect  and  engineer  meet  on  common  ground.  The  most  highly 
artistic  effects  are  not  incompatible  with  the  best  engineering 
practice,  but  this  result  can  only  be  obtained  by  mutual  co-opera- 
tion of  architect  and  engineer,  founded  upon  a  reasonable  appre- 
ciation of  each  other's  view  points. 

To  take  up  now  a  few  of  the  specific  points.  Mr.  Jones  states 
that  in  regard  to  aesthetic  features  ''the  mind  instinctively  asks, 
What  is  the  thing  for?  and  unless  the  answer  is  forth  coming,  no 
amount  of  grace  or  ornament  can  overcome  the  ensuing  feeling 
or  repulsion."  Let  us  apply  this  formula  to  the  wall  bracket 
shown  in  Fig.  i.  We  have  there,  as  he  points  out,  a  pleasing 
combination  of  curves ;  the  eye  follows  them  with  ease — as  the 
common  expression  goes,  ''they  fill  the  eye."  If  we  put  the  ques- 
tion "what  is  the  thing  for,"  the  only  possible  answer  is,  to  hold 
a  candle  for  the  purpose  of  giving  illumination.  But  it  is  not 
holding  a  candle ;  it  is  holding  a  very  clumsy  and  childish  imita- 
tion of  a  candle,  in  the  shape  of  a  piece  of  opal  glass  tubing  sur- 
mounted by  an  electric  lamp  bulb.  Mr.  Jones  also  quotes  the 
familiar  line, 

"Beauty  is  truth,  and  truth,  beauty." 

As  a  whole,  therefore,  this  fixture  transgresses  both  of  the  laws 
of  aesthetics  which  Mr.  Jones  sets  forth.  It  cannot  answer  the 
vital  question  as  to  what  it  is  for  without  telling  a  lie ;  and  no 
amount  of  gracefulness  of  curves  or  beauty  of  decoration  can 
atone  for  this  falsehood. 

Referring  in  the  same  way  to  Fig.  2,  the  mind  will  naturally 
inquire  "What  is  the  ring  at  the  bottom  for?" 

Mr.  Jones. — It  is  a  switch. 

Mr.  Elliott. — Then  I  reply  that  it  is  a  misplaced  switch ;  it 
should  have  been  on  the  side  walls.  The  mind  does  not  nat- 
urally supply  any  such  reason  for  its  existence. 
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Tlic  lig-hting  of  a  Cathedral  so  as  to  not  offend  the  aesthetic  and 
religions  sentiment  is  indeed  a  difficnlt  proposition.  Still,  T  am 
by  no  means  ready  to  admit  that  it  is  beyond  the  possibilities  of 
illnminating  engineering  to  accomj^lish  this  task  satisfactorily, 
even  with  modern  illnminants.  Tt  is  quite  conceivable  that 
the  vacuum  tube  might  be  worked  into  a  harmonious  .design,  tak- 
ing advantage  of  the  magnificent  vertical  lines  which  constitute 
the  principal  element  of  grandeur  of  ( lothic  architecture.  Or 
perhaps  a  mere  change  of  sentiment  may  solve  the  problem.  I 
have  in  mind  the  illumination  of  a  cathedral  in  Chicago  that 
has  evidently  tossed  historic  precedence  to  the  winds,  and  treated 
the  subject  in  a  wholly  up-to-date  manner.  The  arches  and 
all  prominent  architectural  lines  of  the  interior  are  outlined  with 
incandescent  lamp  bulbs,  even  to  the  organ  pipes.  As  a  whole, 
in  the  vernacular  of  the  day.  it  has  the  Penny  Arcade  "beaten  a 
mile."  It  only  remains  now  for  some  other  genius  to  light  a 
cathedral  with  flaming  arcs,  which  would  at  least  eclipse  the 
Chicago  installation  in  point  of  efficiency. 

Air.  Jones  states  that  a  fixture  must  be  proi)ortionately  heavy 
if  it  is  to  be  used  in  a  room  of  massive  construction.  On  this 
point  I  am  inclined  to  take  issue  with  him.  A  lighting  fixture 
is  not  a  part  of  the  building,  and  has  nothing  to  support  but  the 
lamps  and  their  accessories.  To  put  a  ton  or  more  of  metal  into 
a  chandelier — as  was  done  in  the  Pennsylvania  State  Capitol,  for 
instance — is  neither  actual  nor  artistic  truth — it  is  usually  plain 
''graft."  It  would  be  quite  as  logical  in  my  opinion  to  put  legs 
eight  feet  high  on  tables  and  chairs  because  they  were  intended 
for  use  in  a  room  with  a  40-foot  ceiling.  It  is  certain  that 
neither  in  ancient  or  mediaeval  times  was  any  such  view  taken 
of  lighting  fixtures.  The  candelabras  of  ancient  Greece  and 
Ronie  were  often  beautiful  pieces  of  workmanship,  but  their 
design  was  in  strict  accordance  with  their  purpose  of  holding 
lamps,  and  bore  no  relation  to  the  massive  buildings  in  which 
they  were  used.  The  coronas  that  were  used  in  the  early  Chris- 
tian churches  sometimes  attained  large  proportion.s,  but  they  were 
never  "massive,"  nor  clumsy,  but  proportioned  simplv  to  sustain 
their  own  weight  and  that  of  the  lamps  or  candles  which  they  sup- 
ported. In  every  case  the  builders  used  the  best  light-sources 
which  were  available,  and  also  used  tliem  to  the  best  possible  ad- 
vantage, botli  from  tile  illuminating  and  artistic  standpoint:  There 
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was  no  attempt  to  imitate  one  light-source  by  anc^ther,  and  orna- 
mentation was  always  subsidiary  to  the  usefulness  of  the  light. 
Now,  to  say  that  because  the  ancients  made  such  good  use  of  the 
light-sources  which  they  had  at  their  command  that  we  must  for- 
ever copy  or  imitate  these  old  and  imperfect  devices,  simply  be- 
cause our  remote  ancestors  used  them,  is  to  admit  our  present 
entire  lack  of  creative  imaginati  ).i.  We  have  !o-day  vastly  better 
sources  of  light,  sources  capable  of  infinitely  more  varied  and" 
artistic  treatment,  which  are  only  awaiting  the  same  spirit  of 
creative  art  that  produced  the  masterpieces  of  antiquity  to  de- 
velop aesthetic  effects  in  illumination  that  will  as  far  surpass  those 
of  the  ancients  as  the  scientific  knowledge  of  to-day  exceeds  that 
of  antiquity. 

Bassctf  Jones,  Jr. — Xo  one  realizes  better  than  T  the  shortcom- 
ings of  my  paper.  Let  me  say,  particularly  for  Mr.  Marshall's 
benefit  that  I  do  not  understand  why  the  officers  of  the  section 
should  have  selected  me  to  write  on  a  subject  of  such  vital  im- 
portance for  the  profession.  Yet  having  once  accepted  the  charge 
after  due  consideration  I  have  done  my  very  best  to  present  it  in 
a  light  best  calculated  to  draw  forth  discussion.  And,  lest  this 
be  taken  as  an  excuse  for  over-emphasizing  the  value  of  aesthetics, 
let  me  further  say  that  I  have  said  nothing  in  my  paper  that  is 
not  the  result  of  careful  deliberation  and  which  I  believe  to  be 
anything  more  than  the  truth.  This  in  reply  to  Mr.  Stickney's 
charges  of  "idealism."  Philosophically  speaking,  I  am  proud  to 
be  taken  as  an  idealist,  for  ideals  are  the  very  yeast  of  life  and 
being,  and  the  man  who  has  ever  qualified  his  ideals  by  the  term 
''practical"  has  never  handed  down  to  posterity  more  than  an  echo 
of  truth. 

The  criticisms  which  my  little  essay  has  called  forth  are,  I  may 
say,  precisely  what  I  anticipated.  Their  chief  interest  to  me  lay 
in  their  several -view  points.  To  review  them  in  detail  would  be 
largely  a  matter  of  reiteration  of  what  I  have  already  said,  for 
they  serve  very  generally  to  emphasize  the  fact  that  the  attitude  of 
the  practical  engineer  toward  any  subject  not  dealing  with  ma- 
terial things  is  likely  to  be  narrow  and  so,  productive  of  error. 

In  reply  to  Mr.  Marks,  let  me  say,  that  if  the  illuminating 
engfineer  cares  to  confine  himself  to  a  field  where  aesthetic  is  onlv 
of  .'secondary  importance,  then  the  scope  of  his  work  must  be  ever 
a  narrowing  one.     The  history  of  the  world,  if  nothing  else,  must 
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make  evident  to  ns  that  civilization  and  interest  in  aesthetics  are 
synonymous  expressions.  To  make  this  point  evident  would  lead 
us  into  a  philosophical  discussion,  the  meaning  of  which  has  in- 
delibly impressed  itself  on  every  system  of  reason  since  the  days 
of  Plato.  Mr.  Marks  takes  me  too  narrowly  and  no  doubt  this  is 
partly  due  to  my  own  faulty  expression.  I  realize  quite  fully  that 
any  individual  engineer  may,  if  he  so  pleases,  ignore  the  value 
of  aesthetics  and  reduce  himself  to  a  merely  commercial  basis 
Avithout  any  material  reduction  or,  ma\'hap,  even  with  an  increase, 
in  the  amount  of  his  Bradstreet  rating.  But  if  this  be  success, 
then  we  count  our  change  in  different  coin. 

I  may  now-  answ^er  Mr.  Mark's  discussion  and  most  of  Mr. 
Elliott's  appreciative  criticism  at  once.  What  is  a  lighting  fixture 
for?  ''To  enable  us  to  see?" — admitted.  What  else?  Why,  to 
enable  us  to  see  with  pleasure,  and  if  we  cannot  see  with  pleasure, 
then  the  device  defeats  its  own  ends.  But  pleasurable  seeing  is 
p.ot  a  mere  matter  of  candle-feet,  for  in  seeing  we  do  not  see  Hght 
— we  see  its  effects,  and  it  is  effect  for  which  we  must  strive. 
Secondly,  we  must  also  see  the  fixture — and  see  it  with  pleasure. 
Mr.  Elliott  quotes  Emerson,  ''Usefulness  is  beauty."  So  much 
again  is  admitted.  But  again,  what  is  usefulness?  Let  me  refer 
\ou  to  paragraph  23  of  my  paper.  Useful  is  the  thing  which  pro- 
duces pleasurable  stimuli,  and  the  essence  of  the  emotion  of  the 
beautiful  is  pleasure.  Mr.  Elliott  might  have  continued  his  quo- 
tation, for  as  Emerson  also  savs  "Beauty  is  its  own  excuse  for 
being." 

Can  you  deny  that  beauty  is  useful.  That  it  is  useful  is  its 
own  excuse  and  its  sufficient  reason.  To  ask  more  is  to  ask  the 
unanswerable.  To  discuss  its  limits  is  like  seeking  the  origin 
and  end  of  time,  for  beauty  like  time  is  both  universal  and  eternal. 
And  this  brings  us  to  a  fault  to  which  we  are  all  prone.  We 
seek  to  define  our  words  in  egotistical  terms.  We  confine  our 
viewpoint  to  that  which  has  bearing  only  on  our  own  paltry  in- 
significance and  so  inevitably  fall  into  contradictions  because  the 
true  meaning  of  our  terms  is  necessarily  as  general  and  as 
iDroad  as  life. 

Art  is  the  result  of  the  search  for  the  vital  expression  of  ideals. 
In  this  sense  it  is  a  philosophical  achievement  and  is  the  summary 
of  a  period  of  civilization.  It  is  an  appeal  to  reason  and  so  rises 
.and  falls  with  social  acumen.     It  is  nursed  b\-  a  unitv  of  racial 
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ideals.  Its  periods  of  chaos  coincide  with  periods  of  intellectual' 
readjustment,  and  so,  as  a  philosophy  is  the  most  reasonable  ex- 
pression of  the  thought  of  an  era  of  intellectual  development,  an 
art  is  the  instinctive  expression  of  the  mutual  sympathies  which 
unify  a  people. 

But,  to  return  to  lighting  fixtures.  Mr.  Elliott  says  that  every 
object  of  utility  must  express  a  truth.  But  can  truth  be  con- 
fined to  the  practical  end  in  view?  That  is  to  say,  is  a  lighting 
fixture  sufficient  unto  itself  when  its  object  is  merely  the  fur- 
nishing of  a  given  amount  of  light  and  when  it  is  fashioned  solel)r 
to  this  end?  I  challenge  either  Mr.  Elliott  or  Mr.  Marks  to 
maintain  any  such  thesis,  and  I  again  ask  for  an  explanation  of 
terms,  for  do  not  all  disputes  rise  from  the  lack  of  a  definition?' 
If  we  agree  on  our  meanings,  then  whence  the  discussion?  Now 
as  to  truth.  Truth  is  not  merely  a  matter  of  what  we  do.  It  is 
concerned  both  with  the  means  and  the  end.  Otherwise  the  popu- 
lar fallacy — any  means  to  an  end — holds  true.  And  this,  I  think,, 
neither  of  the  gentlemen  would  care  to  assert. 

Do  we  learn  the  truth  embodied  in  Greek  art  merely  by  a  cata- 
loguing of  orders  and  sculptures  ?  Is  not  the  truth  embodied  in 
these  marvelous  productions  of  this  extraordinary  people  only 
told  when  we  compare  the  ideals  which  these  forms  express  and 
the  means  by  which  the  end  was  obtained?  Is  not  the  discovery 
of  the  Laocoon  itself  less  important  than  the  determination  of 
the  intellectual  mood  which  it  embodies  ?  Nay,  if  we  wish  to  tell 
the  truth,  then  we  must  tell  it  in  an  intelligible  form.  If  we  build 
a  church  we  must  express  its  objects  both  in  its  form  and  in  its 
appearance.  Could  the  Greeks  have  worshiped  the  gods  in  the 
theatres  of  Peloponnesus  ?  Yet,  from  a  purely  utilitarian  point  of 
view  the  theatres  would  have  well  accommodated  the  crowd  of 
worshipers  and  have  served  their  purpose  in  a  thoroughly  ade- 
quate manner — barring  the  fulfillment  of  a  desire  for  suitable  form 
in  their  surroundings.  And  this  requirement,  in  his  temples  as 
in  everything  else,  compelled  the  Greek  architect  to  modify  the 
building,  its  environment,  and  its  furnishings  so  as  to  express  in 
every  detail  the  idea  of  sanctity.  He  did  not  light  his  places 
of  worship  as  he  lighted  his  houses,  for  while  in  his  house  he 
recognized  the  importance  of  practical  utility,  in  his  temples  he 
was  rightly  willing  to  sacrifice  convenience  to  the  higher  ends  of 
sublime  impressiveness. 
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Mr.  Elliott  expresses  some  doubt  as  to  the  means  of  day  light- 
ing employed  by  the  ancients.  Let  me  set  him  at  rest  by  stating 
that  the  central  courts  of  their  houses  were  open  to  the  sky,  while 
the  roofs  of  their  temples,  being  carried  properly  by  the  columnar 
orders,  were  raised  clear  of  the  wall  of  the  interior  space  or  cella. 
The  Romans,  of  course,  had  glazed  windows. 

The  fundamental  point  I  wish  to  insist  upon,  even  to  the  extent 
cf  reiteration  of  paragraph  34  of  my  paper,  is  the  requirement  of 
suitability  in  lighting  as  in  everything  else,  and  mere  convenience 
and  mechanical  or  electrical  perfection  must  submit  itself  to  this 
demand.  A  lighting  fixture  is  but  imperfectly  useful  unless  it  be 
suitable  to  its  surroundings,  and  this,  I  trust,  I  have  made  clear 
Tdv  the  meaning  of  the  term.  Mr.  Elliott  denies  that  a  fixture  need 
be  in  harmony  with  the  architectural  design.  According  to  him 
it  should  only  be  suitable  to  its  own  immediate  purpose.  It 
seems  almost  unnecessary  to  reply  to  this  assertion  which  contains 
its  own  unqualified  denial.  For,  if  such  be  the  case  \vhy  should 
the  architect  be  at  such  pains  to  seek  an  appropriate  exterior  for 
his  edifice.  A  plain  undecorated  enclosing  wall  pierced  at  any 
convenient  point  for  windows  is  certainly  expressive  of  its  own 
immediate  purpose.  Then  would  the  plain  enclosing  walls  of  a 
factory  be  adequate  for  a  church.  Nor  need  we  trouble  to  match 
our  stufifs.  Denim  makes  a  very  serviceable  suit.  Why  starch 
our  collars  when  a  flannel  shirt  is  so  much  more  adequate  and 
comfortable  a  garment.  If  aesthetic  pleasure  is  not  a  factor  in 
appropriateness,  why  not  serve  our  potatoes  in  the  pot?  and 
wooden  plates  are  cheap  and  require  no  washing !  Let  us,  in  fact, 
at  once  become  barbarians,  for  between  civilization  and  savagery 
there  is  only  an  aesthetic  distinction.  Is .  this  not  food  for 
thought? 

Mr.  Marks  criticises  the  bracket  shown  in  Fig.  i.  I  agree 
with  him  that  the  aesthetic  features  of  the  fixture  would  be  lost 
if  the  lamps  were  of  high  intrinsic  brilliancy.  Great  brilliancy  of 
artificial  illumination  is  almost  inherently  inartistic,  and  it  seems 
to  mc  that  m\-  paper  is  largely  a  brief  on  this  point.  In  this 
paragraph  Mr.  Marks  again  divorces  aesthetic  and  serviceability. 
I'nder  the  terms  of  my  paper  I  deal  only  with  "The  illumination 
of  structures  making  an  appeal  to  the  sense  of  beauty,"  where  the 
illumination  must  be  both  useful  in  the  narrow  sense  and  deco- 
rative, or,  rather  useful  because  artistic  and  artistic  because  use- 
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fill.  It  is  granted  that  the  bracket  in  question  would  be  totally 
inappropriate  in  a  stable,  and  in  such  a  location  absolutely  in- 
artistic, but  in  the  location  for  which  it  was  designed  it  combines 
the  qualities  of  use  and  art  in  its  suitability.   • 

The  ornament  that  Mr.  Marks  criticises  in  Fig.  2  is  a  switch 
handle.  Possibly  from  Mr.  Elliott's  view  point,  the  designer 
should  have  used  the  usual  hard  rubber  thumb  key. 

Mr.  Marks  and  I  differ  on  the  matter  of  paragraph  33.  I  main- 
tain that  it  is  generally  necessary  to  acknowledge  tradition  in 
architecture.  See  ''The  Nature  of  Aesthetic"  in  my  paper.  Mr. 
Marks  states  that  it  is  the  business  of  the  illuminating  engineer  to 
discard  old  methods  of  illumination  where  new  and  better  ones 
are  available."  If  he  means  by  "better,"  the  isolated  sense  of 
practical  utility,  then  I  have  already  answered  him.  If  he  means 
better  in  the  artistic  sense  then  I  maintain  that  the  opinion  of 
the  illuminating  engineer  is  only  secondary  in  the  premises. 

I  think  Mr.  Marks  labors  under  a  misapprehension  with  regard 
to  Fig.  8.  This  is  a  view  of  the  dining  room  of  the  Grand  Trianon 
and  is  only  a  picture  gallery  in  so  far  as  this  palace  has  become  a 
national  museum.  To  disturb  its  form  of  lighting  would  result 
in  loss  of  historic  interest.  It  is  unfortunate  that  its  present  use 
is  to  exhibit  objects  of  art,  for  this  room  is  designed  for  very 
different  purposes  and  is  perfectly  adapted  therefore.  Mr.  Elliott 
criticises  the  interior  shown  in  Fig.  7  from  the  view  point  that 
it  might  be  used  for  something  else  than  a  reception  room.  I 
answer  that  the  Salle  des  Gardes  expresses  in  itself  its  purpose, 
and  would  be  absolutely  unsuited  to  any  other  use.  I  admit 
that  if  it  was  used  as  a  study  it  would  have  to  be  different!}' 
lighted,  but  only  with  a  loss  of  that  very  unit\'  of  desif^n  which 
is  good  architecture  and  which  is  here  so  skilfully  attained. 

In  paragraph  35  Mr.  Marks  says  that  ''the  illuminating  engin- 
eer is  or  should  be  able  to  secure  the  effect  by  exact  and  scientific 
method,"  which  is  exactly  what  I  claim.  It  is  the  effect,  not  the 
quantity,  of  light  that  is  essential.  The  "number  of  other  factors" 
aie  all  important. 

In  regard  to  paragraph  38,  I  can  only  sa}'  tliat  I  do  not  agree 
with  Mr.  Marks.  This  is  a  question  that  can  only  be  determined 
by  an  actual  study  of  the  numerous  examples  to  be  found  in 
bistoric  buildings  where  taste  has  been  the  sole  quide  of  the  de- 
signer.    Mr.  Marks  considers  such  installations  from  a  view  pnnt 
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different  from  the  one  taken  by  my  paper.  I  claim  that  ilkimi- 
nating-  engineering  has  yet  to  furnish — nay,  is  utterly  unable  to 
furnish,  any  data  that  can  direct  the  ultimate  determination  of 
what  is  good  and  bad  taste.  It  is  the  part  of  taste  to  furnish  the 
illuminating  engineer  the  data  with  which  he  must  work. 

I  heartily  join  hands  with  Mr.  Marks  in  any  effort  to  bring 
about  a  co-operation  between  the  architect  and  illuminating  engin- 
eer, but  the  engineer  must  be  ready  to  take  his  properly  subordi- 
nate place  and  receive  the  data  w^hich  the  architect  can  alone 
furnish.  I  think  the  gentlemen  who  have  discussed  this  question 
from  the  standpoint  of  the  architect  have  well  borne  me  out  in 
this.  I  can  only  add  that  the  failure  of  the  illuminating  engineer 
to  realize  the  importance  of  this  point  is  doing  much  harm  to  the- 
profession  as  a  whole.  It  is  safe  to  say  that  the  architect  believes 
that  the  engineer  is  seeking  to  usurp  to  himself  duties  which  are 
not  his  and  with  which  he  is  usually  unfitted  to  cope. 

However,  I  hold  no  brief  for  the  architectural  profession.  The 
majority  of  architects  do  not  conceive  their  designs  at  all — they 
draw  them.  In  this  country,  at  least,  they  share  with  the  engin- 
eer a  vast  inadequacy  of  education,  and  if  they  go  abroad  they 
have  the  last  sparks  of  original  genius  stamped  out  in  the  suffo- 
cating atmosphere  of  the  ^'schools."  In  sympathies  and  ideals 
America  is  distinct  and  she,  therefore,  possesses  the  essentials  of 
a  distinctive  art — an  art,  however,  that  is  at  present  crushed  by 
the  flood  of  importations.  It  is  because  of  this  lack  of  a  true 
developed  architecture  that  we  are  so  often  groping  in  the  dark, 
and  if  the  architect  himself  cannot  direct  the  engineer  then  the 
engineer  must  direct  himself,  and  so  I  plead  for  a  consideration  of 
architectural  principles.  The  engineer  must  learn  to  appreciate 
and  understand  the  architect's  view  point. 

The  architect  has  need  of  the  engineer's  advice,  for  as  Mr. 
Marks  says,  the  complexity  of  the  means  of  illumination  and  the 
number  of  illuminants  is  increasing  daily,  and  consequently 
greater  care  is  required  in  selecting  and  adapting  them  to  their 
duty.  Most  of  the  new  illuminants  are,  however,  often  impossible 
from  an  aesthetic  standpoint.  Location  of  lamps  is  limited  to  a 
few  well  defined  points  in  almost  every  design,  and  the  demand 
of  the  design  itself  to  be  properly  seen  often  requires  that  the 
lamps  be  placed  where  they  must  be  in  view  and  where  they  them- 
selves form  a  feature  of  the  design.    This  often  requires  that  they 
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be  divided  into  a  number  of  small  units  of  low  intrinsic  brilliancy, 
and  for  this  purpose  there  has  yet  to  be  placed  on  the  market  an 
illuminant  that  can  compare  with  the  old  tallow  candle  and  its 
nearest  modern  equivalent  in  light  giving  qualities,  the  small 
candle  power  carbon  filament  lamp  with  round  frosted  bulb. 

In  reply  to  Mr.  Marks,  I  can  only  say  that  no  system  of  illumi- 
nation that  is  not  hygienically  and  physiologically  correct  can  be 
artistic,  for  evident  reasons.  And  illumination  that  is  artistic  is 
necessarily  good,  for  it  pleases,  it  enables  us  to  see  properly  and 
to  advantage ;  it  is  suitable,  harmonious,  and  effective.  What 
more  it  need  be  I  cannot  tell.  Efficiency  and  economy  begin  with 
the  coal  pile  and  end  with  the  lamp.  These  are  a  matter  of  light 
— not  of  illumination.  The  engineer  has  to  deliver  a  certain 
quantity  of  a  certain  quality  of  light  in  a  given  direction  with 
as  little  expense  as  need  be.  The  quantity  and  quality  of  light 
together  with  the  limitations  imposed  upon  him  by  suitable  fix- 
tures form  his  working  data.  These  are  not  determined  by  any 
requirement  of  efficiency,  but  by  a  very  natural  desire  to  have 
the  design  look  well.  If  efficiency  steps  beyond  these  bounds  then 
it  surely  must  control  the  design  which  fixes  the  illumination  once 
for  all. 

If  I  have  not  already  answered  Mr.  Lansingh's  complaint  that 
my  paper  infers  that  engineers  are  necessarily  inartistic,  let  me 
assure  him  that  I  had  not  intended  to  convey  such  an  impression. 
My  point  is,  that  in  buildings  of  any  artistic  pretensions,  engin- 
eering is  necessarily  a  secondary  consideration,  and  the  engineer 
must  be  satisfied  to  achieve  the  results  required,  without  any  pre- 
conceived notions  of  scientific  distribution.  His  science  is  to  en- 
able him  economically  to  furnish  a  means  to  the  end,  and  he  must 
have  the  artistic  training  to  enable  him  to  discern  just  what  he 
is  to  achieve. 

I  wish  to  correct  IVIr.  Kellogg  in  one  particular.  Olive  oil 
burns  absolutely  without  soot  or  smoke. 

Mr.  Elliott  criticises  the  statement  in  paragraph  2j  of  my  paper 
as  to  relative  proportions,  and  holds  up  as  a  refuting  example 
the  delicate  work  of  some  Gothic  coronas.  But  then  are  not  the 
buildings  themselves  delicate?  Look  at  Fig,  3.  Think  of  ex- 
quisite Amiens  or  Rheims.  AVhere  is  there  any  massiveness  in 
design  ?  Is  not  every  effort  here  devoted  to  secure  fineness  of  line, 
refined   proportions,   lightness   of   feeling   withal   the    enormous 
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Spaces  enclosed.     How  apt  is  Goethe's  expression  of  "frozen 
music"  applied  to  Strasburg  cathedral ! 

Finally  let  me  thank  the  gentlemen  who  have  shown  so  much 
kind  interest  in  the  discussion  of  my  paper.  I  wish  I  felt  that  it 
deserved  their  remarks.  As  for  our  differences,  well,  there  is  a 
good  saying  that  runs — ''differences  of  opinion  make  horse-races." 
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THE  \^\RIABLES  OF  ILLUMINATING  ENGINEERING^ 


William  L.  Puffer^  Member 


In  the  discussion  of  this  subject  it  is  assumed  that  there  is  no 
need  of  taking  into  account  anything  to  do  with  the  measurements 
of  candle-power,  reflection,  distance,  power,  etc.  All  of  these  are 
physical  measurements  which  can  be  made  with  very  great  accur- 
acy as  compared  with  the  variables  to  be  discussed,  and  there  can 
Tdc  no  question  but  that  they  can  be  measured  with  an  accuracy 
far  in  excess  of  the  accuracy  obtainable  elsewhere  in  the  problems 
of  producing  illumination  which  will  be  satisfactory  for  the  pur- 
poses desired  and  in  the  places  required. 

One  of  the  first  questions  to  be  settled  is,  ''What  are  we  talk- 
ing about?"  The  question  naturally  arises,  'What  is  illumina- 
tion ?"  It  is  rather  difThcult  to  frame  a  definition  which  will  be 
thought  satisfactory,  and  yet  almost  anybody  can  say  approxi- 
mately what  we  mean  if  he  takes  time  enough.  For  example — 
"It  is  that  phenomenon  by  which  non-luminous  bodies  are  ren- 
■dered  able  to  reflect  more  or  less  of  the  light  waves,  which  may 
fall  upon  them  from  some  luminous  source,  into  the  eye  of  an 
observer  and  there  produce  the  efifect  called  seeing."  As  this 
seeing  is  almost  a  necessity  for  the  proper  or  convenient  guiding 
of  other  bodily  desires,  it  is  naturally  to  be  assumed  that  it  must 
be  satisfactory  to  the  individual. 

At  this  point  we  stop  and  consider  the  conditions  as  they 
actually  are  for  the  production  of  good  and  satisfactory  illumina- 
tion by  artificial  lights.  First,  the  choice  and  arrangement  of 
proper  lamps,  shades,  reflectors,  positions  and  the  like.  Second, 
the  element  of  satisfaction  to  the  eye  which  is  to  do  the  seeing, 
expressed  in  terms  of  the  experience  of  that  eye  under  other  con- 
ditions for  seeing  the  same  or  simiilar  things.  It  is  here  that  all 
of  the  difficulty  arises,  and  it  is  here  that  all  of  the  variables  come 
into  the  problem.  It  seems  to  be  true  that  these  variables  vary 
as  the  nth  power  of  other  variables  which  also  go  as  the  nth 
power;  and  worse  than  that,  they  do  not  remain  constant  long 
enough  for  one  to  estimate  them  even  approximately. 

It  will  be  interesting  to  ask  ourselves  how  it  is  that  one  sees, 
and  how  did  one  ever  learn  all  about  it.    It  appears  to  the  author 


1  Read  before  the  New  England  Section,  December  i8,  1Q07. 
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that  a  man  does  not  really  see  more  than  one-quarter  or  one-half 
of  what  he  believes  he  sees,  and  that  all  of  the  rest  is  but  a. 
matter  of  judgment  and  experience.  The  eye  itself  is  so  poor  an 
optical  instrument  that  it  must  be  aided  very  much  by  judgments 
formed  from  past  and  accumulated  experiences,  joined  with  the 
assumed  probability  that  similar  experiences  will  always  be  pro- 
duced by  similar  conditions  in  the  future.  A  single  eye  has  but 
two  means  of  indicating  the  location  of  an  object,  one,  by  chang- 
ing the  size  of  the  pupil  in  order  to  vary  the  amount  of  light 
which,  emanating  from  the  object,  enters  the  eye;  and  the  other,. 
by  a  focussing  action  due  to  a  change  in  the  curvature  of  the 
lens.  It  would  be  fair  to  say  that,  in  general,  a  large  pupil  is 
used  for  near  things,  as  is  a  shoitening  of  the  focus  of  the  eye,, 
while  the  reverse  would  indicate  a  distant  object. 

These  two  functions  are  of  but  little  use  when  taken  alone,  but 
are  very  materially  improved  when  the  second  eye  comes  into 
play  and  adds  another  function,  which  we  call  the  stereoscopic 
effect  and  which  is  really  the  establishment  and  constant  opera- 
tion of  a  triangulating  and  range-finding  station  for  unknown  dis- 
tances. Like  any  possible  surveying  with  so  short  a  base  as  the 
distance  between  the  eyes,  great  accuracy  of  location  becomes 
impossible  after  the  object  has  been  removed  to  a  comparatively 
short  distance  such  as  a  very  few  hundred  feet.  The  object  of 
this  surveying  and  determination  of  unknown  distances  is  to 
afford  a  knowledge  of  distance  for  which  the  curvature  of  the 
lens  must  be  set  in  order  to  see  quickly,  and  without  the  loss  of 
time  and  effort  spent  in  trying  again  and  again  until  the  right 
focus  is  found. 

These  three  fundamental  principles  are  the  only  means  for 
arriving  at  information  directly  through  the  actions  in  the  eye 
itself  and  as  the  focussing  of  the  eye  is  a  necessity  for  noting  any 
minute  information,  it  follows  that  both  of  the  other  actions  are 
merely  of  a  helping  nature,  and  if,  from  any  reason,  they  do  not 
quickly  and  surely  collect  information  for  the  guidance  of  the 
focussing  muscles,  then  those  muscles  are  obliged  to  focus  at 
random  until  the  proper  range  is  found.  That  this  causes  a  very 
serious  eye  strain  can  be  easily  demonstrated  by  attempting  to 
see  the  details  of  an  unrecognized  object,  of  an  unknown  size  and 
at  an  unknown  distance,  by  the  use  of  one  eye  alone.  It  wilK 
take  but  a  single  trial  to  carry  conviction. 
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To  these  three  simple  functions  we  all  have  added  the  memory 
and  judgment  of  years  of  experience  in  the  combined  use  of  all 
■of  our  senses  in  building  up  our  so-called  accurate  sight  by  which 
we  instantly  translate  any  combination  of  light,  shade  and  color. 
It  may  be  interesting  to  consider  for  a  moment  some  of  the 
automatic  inferences  which  are  so  quickly  formed  and  which  di- 
rectly affect  many  of  the  variables  referred  to  in  the  title  of  this 
paper. 

We  have  indelibly  impressed  upon  our  mind  that  a  distant 
object  or  view  is  indicated  by  small  visual  angles;  the  axes  of  the 
two  eyes  are  parallel  and  do  not  indicate  a  measurable  distance, 
outlines  are  indistinct  and  generally  wavering,  the  curvature  of 
the  lens  is  the  least  possible,  the  pupil  is  small,  colors  are  not 
especially  marked,  and  a  bluish  or  greyish  haze  is  over  all.  As 
the  range-finding  apparatus  is  out  of  commission,  due  to  great 
distance,  focussing  must  be  done  by  the  cut  and  try  method,  or 
else  by  judgment. 

We  have  learned  that,  in  general,  shadows  of  all  objects  are 
in  the  same  relative  position  at  the  same  time,  and  that  it  is  dark 
underneath  and  bright  above  objects,  but  that  the  objects  them- 
selves are  always  bright  on  the  top  and  side  if  they  are  below  the 
•eye  and  dark  underneath  if  they  are  above  the  eye.  Of  especial 
importance  is  the  fact  that  the  object  and  its  shadow  meet  unless 
the  object  is  in  space,  or  is  unusually  supported,  because  the  rela- 
tive speed  and  motion  of  the  shadow  is  of  more  use  in  locating 
the  object  that  the  focussing  and  distance  measuring  power  of 
the  eye.  As  an  illustration  of  this,  place  a  small  black  dot  in  the 
.middle  of  a  large  sheet  of  white  paper  and  try  at  arm's  length 
the  relative  ease  and  certainty  of  rapidly  touching  it  with  the 
point  of  a  pin  both  with  and  without  a  shadow  of  the  pin  and  the 
hand. 

We  have  learned  to  judge  the  distance  of  near  objects  by  rela- 
tive positions  of  overlapping  shades  and  shadows,  as  well  as  by 
what  we  know  of  their  dimensions,  rather  than  by  continually 
altering  the  focus  of  the  eyes  in  the  endeavor  to  find  them.  The 
•eye  takes  instant  and  grateful  notice  of  the  help  of  shadows  of 
all  kinds  and  the  moment  there  are  none,  or  they  are  in  unusual 
•or  unexpected  places,  there  is  instant  eye  strain  and  a  feeling  of 
uncertainty  and  a  want  of  the  feeling  of  ''distance." 

Bare  outline  seeing  is  made  use  of  to  an  extent  not  realized, 
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SO  that  contrast  is  a  necessity,  and  strangely  enough  we  use  the 
top  outline  more  than  we  do  the  lower,  as  can  be  noted  by  trying 
to  read  with  first  the  upper  and  then  the  lower  half  of  the  letters- 
concealed  by  a  piece  of  card  or  paper. 

The  sensitiveness  of  the  eye  is  changed  instantly  by  any  sud- 
den increase  of  light  and  remains  so  for  a  very  material  time  after 
the  light  is  again  normal,  but  during  this  time  of  dullness  of  vision 
nearly  all  of  the  common  functions  of  the  eye  are  so  far  below 
normal  values  that  sight,  for  the  time  being,  is  lost. 

Although  the  eye  is  able  to  adjust  itself  so  tliat  light  can  be- 
had  at  very  widely  different  illuminations,  it  is  not  desirable  to 
have  too  great  contrasts  between  light  and  shade,  or  too  sudden 
changes  from  one  degree  of  illumination  to  another.  The  reason 
for  this  is  that  the  eye  becomes  slightly  blinded  by  the  brighter 
light,  to  such  an  extent  that  the  dimmer  lighting  is  not  sufficient; 
for  the  ready  perception  of  things,  and  the  victim  constantly 
shifts  to  the  brighter  place,  or  desires  the  continuation  of  the 
unduly  brighter  conditions. 

From  the  very  nature  of  things  we  form  the  mass  of  our  ex- 
perience judgments  under  the  direct  or  indirect  illumination  of 
the  sun  which  is  so  far  away  that  the  law  of  inverse  squares  is 
changed  to  a  law  that  the  illumination  is  not  affected  by  the 
distance  away  from  the  light  source.  The  single  source  is  mostly 
out  of  the  direct  line  of  eyesight  and  when  not  so,  we  do  not  try, 
nor  expect,  to  see  without  shading  the  eyes.  The  diffused  light 
of  a  cloudy  day  has  direction  and  seems  to  come  from  a  long" 
distance,  so  that  our  ideas  of  shades,  shadows  and  distance  are 
not  materially  different  than  on  a  bright  day. 

On  account  of  the  variations  due  to  education,  experience,, 
fussiness,  imagination  and  age  it  will  be  found  that  the  eye  ex- 
perience-judgments of  a  collection  of  individuals  will  be  very 
far  from  unanimous  and  no  one  judgment  of  one  individual  is 
likely  to  be  duplicated  by  himself  or  others,  and  especially  so  if 
his  attention  is  attracted  and  an  opinion  asked. 

The  author  has  not  been  trying,  so  far,  to  write  a  treatise 
on  the  eye,  or  natural  illumination,  but  has  endeavored  to  point 
out  some  of  the  many  conditions  under  which  the  eye  has  received 
its  education,  as  well  as  to  show  that  personal  judgment  is  the- 
great  element  which  must  be  taken  into  account,  rather  than 
theoretical  and  calculated  conditions,  in  determining  whether  or 
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not  any  given  illumination  is  satisfactory  or  likely  to  be  so.  It 
may  be,  and  is  often,  true  that  the  judgment  which  is  to  be  satis- 
fied by  a  new  form  of  illumination  has  been  deceived,  or  perhaps 
injured,  by  previous  conditions  over  which  there  was  no  control, 
to  such  an  extent  that  it  increasingly  demands  conditions  which 
will,  in  the  end,  work  serious  injury. 

The  illuminating  engineer  of  any  long  experience,  who  has 
seen  and  made  a  study  of  these  many  facts  which  have  made  up 
the  experience  judgment  of  his  client,  and  is  now  confronted  with 
the  problem  of  designing  satisfactory  illumination,  realizes  that 
almost  everything  is  against  him  and  that  the  final  result  must  be 
a  compromise  of  a  more  or  less  satisfactory  nature.  The  light 
which  he  must  use  will,  of  necessity,  come  from  luminous  points, 
and  at  distances  so  short  that  the  law  of  inverse  squares  will  be 
very  noticeable  over  slight  dififerences  of  vertical  and  horizontal 
distance,  and  each  light  source  will  cast  its  set  of  radiating  sha- 
dows which  become  more  and  more  numerous  as  the  number  of 
sources  is  increased,  until  the  point  is  reached  when  there  are  so 
many  shadows  that  the  effect  is  absolute  want  of  any  distinctive 
shadow.  At  this  point  the  space,  as  a  whole,  is  uniformly  illu- 
minated, but  all  "distance"  will  be  lost  and  the  eye  will  have  no 
shadows  nor  relief  to  help  it  in  finding  the  proper  point  for 
adjusting  the  curvature  of  the  lens.  When  the  author  enters  a 
room  lighted  in  this  way  he  can  feel  his  eyes  "hunting"  for  the 
proper  focus  and  becomes  very  soon  aware  of  eye  strain.  Prob- 
ably a  part  of  this  effect  would  be  lost  in  a  dusty  or  smoky  room 
by  a  sort  of  grey  effect  like  a  true  "distance." 

One  of  the  very  serious  troubles  is  from  the  great  intrinsic 
brilliancy  of  all  forms  of  artificial  light  sources,  owing  to  the 
very  small  area  from  which  the  light  emanates.  One  of  the  diffi- 
culties of  artificial  illumination  is  the  masking  of  this  effect  by 
shades  and  reflectors  without  too  great  a  loss  of  the  available 
light.  A  very  good  illustration  of  this  was  shown  by  a  experi- 
ment made  in  a  store  a  good  many  years  ago  (as  time  goes  in  this 
art).  An  area  was  lighted  both  by  an  equal  number  of  open 
arc  lamps,  with  either  clear  or  ground-glass  globes,  and  by  the 
then  new  enclosed  arcs  with  opal  globes.  Of  course,  the  actual 
light  given  by  the  open  arcs  was  far  in  excess  of  that  from  the 
others,  yet  the  public  in  general  invariably  declared  the  new 
lamps  gave  better  light.     The  simple  explanation  was  that  the 
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open  arcs  blinded  the  eyes  so  much  that  they  could  not  see,  no 
matter  how  much  light  there  was,  while  the  large  surface  of  the 
enclosed  arcs  at  much  less  intrinsic  brilliancy  and  giving  less 
light  looked  large  and  did  not  blind  the  eyes.  Hence  the  remark, 
"What  a  large  lamp  that  is!"  "How  plainly  we  can  see  by  those 
lamps !'' 

It  is  difficult  to  explain  to  a  client  why  the  common  use  of 
glass  tops  to  office  desks,  highly  glazed  paper  for  cards  and 
stationery,  inks  and  pencils  of  certain  colors,  and  the  like,  can  be 
made  with  the  side  lighting  of  day,  and  yet  give  endless  difficulty 
when  the  light  source  is  above,  and  often  at  just  that  angle  that 
sends  a  reflection  into  the  eye  of  the  user.  Experience  says  that 
these  things  do  not  give  trouble  by  day  and  therefore  they  should 
not  with  any  other  method  of  lighting.  A  careful  examination 
will  show,  in  many  cases,  that  the  trouble  is  partly  present  by 
day,  and  that  the  user  is  in  the  habit  of  moving  slightly  as  a 
matter  of  course,  but  will  not  do  so  when  using  artificial  light. 

It  is  very  odd,  but  we  all  must  have  noticed  that  when  there 
is  any  fault  with  artificial  lighting  the  cry  always  is,  "More  light, 
I  can't  see !"  The  engineer  should  quietly  point  out  the  lamp 
shining  directly  on  the  reader's  face  and  paper  alike,  the  shaded 
thirty-two  candle-power  lamp  six  inches  from  the  book  and  the 
rest  of  the  room  dark,  habitual  work  in  direct  sunlight  until  time 
for  lighting  up  and  then  a  few  incandescent  lamps,  and  other  such 
usual  conditions. 

A  skilful  arrangement  of  suitable  lamps  may  be  made  to  sug- 
gest results  which  cannot  be  true  in  themselves ;  this  peculiarity 
can  be  made  useful  in  successive  lightings  of  the  same  or  different 
objects.  It  was  brought  out  by  some  experiments  of  the  author's 
some  3^ears  ago  when  attempting  to  find  what  kind  of  lighting  of 
large  drawing  rooms  would  be  the  most  satisfactory  to  the  users. 
A  room  aboiit  25  feet  by  30  feet  was  provided  with  a  false  ceil- 
ing of  the  height  of  the  new  rooms  and  all  varieties  of  lamps  and 
arrangements  that  could  be  readily  thought  of  were  installed, 
with  suitable  switches  for  producing  any  combination  desired. 

Among  the  interesting  methods  were  the  following :  inverted 
open  and  enclosed  arcs ;  arcs  with  many  arrangements  of  globes, 
shades  and  reflectors ;  bands  of  incandescent  lamps  over  the 
windows  to  produce  the  effect  of  side  lighting  similar  to  the  day- 
light ;  and  individual  incandescent  lamps  witli  the  common  types 
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<:i  shades.  It  was  found,  by  making-  use  of  the  room  for  regular 
work  and  with  different  plans  of  lighting,  that  the  judgment  was, 
iv'ithout  exception,  so  biased  by  the  previous  illumination  that  by 
a  proper  choice  in  the  handling  of  the  switches  any  given  type  of 
lighting  would  be  selected  as  the  one  to  be  desired.  This  difficulty 
was  so  marked  as  to  interfere  seriously  with  the  judgment  of 
the  observer,  whose  opinion  was  especially  desired. 

After  a  trial  lasting  over  several  weeks,  it  seemed  evident 
that  by  far  the  great  number  chose  group  lighting,  with  opal 
screens  underneath  but  free  to  shine  on  the  white  ceiling,  thus 
giving  a  diffused  illumination.  When  installed,  the  apparent  re- 
sults were  remarkably  good,  as  there  was  a  great  flood  of  light 
and  a  high  value  of  illumination  on  the  desks.  Soon  there  were 
■complaints  that  ''they  could  not  see"  and  "they  wanted  more 
light"  (note  the  usual  statement  of  trouble),  the  illuminometer 
test  showed  there  was  more  than  enough  light,  and  after  a  good 
deal  of  study  the  difficulty  was  found  in  the  use  of  transparent 
yellow  celluloid  triangles  and  edges  to  T-squares.  These  trans- 
parent edges,  when  illuminated  by  light  at  certain  angles  from 
-above,  will  sometimes  show  a  dark  and  sometimes  a  light-colored 
fajse  edge,  parallel  to  the  line  to  be  drawn,  which  is  so  annoying 
that  often  no  accurate  work  can  be  done.  The  complaints  were 
not  general,  because  many  of  the  men  used  black  or  wooden  in- 
struments and  had  no  such  difficulty.  This  peculiar  trouble  had 
not  been  noted  with  the  triangles  when  used  by  the  slanting  light 
of  day.  Experiments  showed  that  the  addition  of  a  very  little 
directive  light  from  a  two  or  three  candle-power  lamp  entirely 
removed  the  difficulty,  but  introduced  the  new  one  of  getting  such 
lamps  into  proper  places,  without  interfering  too  much  with  the 
u=e  of  instruments  and  large  sheets  of  paper  and  the  like. 

The  effects  produced  by  the  use  of  light  of  slightly  different 
color  and  the  fact  that  there  are  so  many  people  who  do  not  have 
normal  color  judgment,  will  show  in  the  comparative  opinions  of 
the  satisfactory  amount  of  light  falling  upon  a  given  place  or 
object.  The  slight  apparent  greenish  tinge  of  the  tantalum  lamp 
will  make  trouble  if  colored  goods  are  viewed  by  it  and  then  by 
the  light  of  a  common  incandescent  lamp  of  low  efficiency,  and  the 
difference  can  readily  be  seen  with  the  high  efficiency  Gem 
lamps.  What  a  really  color-blind  man  could  see  in  a  room  lighted 
by  either  the  mercury  arc  or  the  yellow  flaming  arc  is  a  matter 
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of  conjecture,  and  it  is  very  doubtful  if  any  value  of  foot-candles^ 
as  determined  by  the  normal  eye,  would  be  satisfactory. 

The  unfortunate  wearer  of  spectacles  or  glasses  is  another 
person  whose  eye  judgment  will  be  at  variance  with  normal 
values,  on  account  of  the  absorption  of  the  light  coming  through 
the  glass  and  the  larger  amount  of  stray  light  reflected  into  his 
eye^'  by  the  back  surface  of  the  glass.  One  becomes  used,  in  a 
way,  to  this  effect,  but  it  still  remains  as  a  conflicting  element  in 
his  interpretation  of  what  he  sees,  and  a  brighter  illumination  of 
the  surface  looked  at  will  be  required  than  if  glasses  were  not 
worn. 

It  may  seem  strange  to  be  told  that  the  amount  of  light  re- 
quired by  a  right-handed  or  a  left-handed  person  is  different,  but 
if  it  be  remembered  that  the  average  lighting  is  arranged  so  as 
to  come  from  the  left,  it  will  naturally  follow  that  the  hand  of  a 
left-handed  man  will  be  in  his  own  light.  The  usual  way  of  meet- 
ing this  peculiar  condition  is  the  lighting  of  a  reading  desk  or 
office  desk  with  one  lamp  in  the  centre,  or  of  a  square-topped  desk 
for  four  people  with  a  central  standard.  In  these  cases  it  might  be 
desirable  that  alternate  readers  or  clerks  should  be  left-handed ! 

At  some  time  or  other  the  engineer  will  find  that  purely  per- 
sonal physical  comfort  will  have  a  great  deal  to  do  with  the  satis- 
faction of  a  lighting  scheme ;  as  for  example,  objection  is  rightly 
made  to  the  use  of  lamps  hung  just  above  and  back  of  the  reader's 
left  shoulder,  because  the  heat  of  the  lamp  causes  a  headache. 
While  such  things  are  not  strictly  illuminating  engineering,  yet 
they  will  make  a  great  deal  of  difference  in  the  final  opinion  of  an 
engineer's  work,  and  should  be  constantly  in  mind. 

There  is  much  to  be  said  on  the  actual  amount  of  light  really 
required  for  the  solution  of  any  given  case,  and  too  often  the 
variable  elements  are  not  taken  into  account.  Too  much  light  will 
be  demanded  by  those  who  are  relatively  new  or  unskilled  in  the 
work  they  are  doing ;  it  is  w^ell  known  that  when  the  e}e  has 
been  trained  in  its  duties  there  is  much  less  real  concentrated 
effort  required  than  when  it  is  receiving  its  education.  On  the 
other  hand,  there  must  be  a  greater  anx)unt  of  light  available 
when  the  eyes  cannot  have  any  relief,  owing  to  the  kind  of  work 
being  done,  as  ''satisfaction"  will  demand  that  the  eye  can  quickly 
see  and  recognize  small  shapes  which  nnist  be  clearly  brought 
into  focus  before  there  can  be  recognition.     Such  work  might  be 
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bookkeeping  of  the  kind  that  requires  rapid  selection  of  figures, 
proof-reading,  mechanical  drafting,  use  of  fine  instruments  and 
the  reading  of  fine  scales  like  micrometers. 

There  is  nothing  to  be  done  in  such  cases  except  to  supply  a 
plenty  of  distant  or  diffused  light  with  directive  shadows  and  then 
for  best  effects  advise  the  use  of  eye  shades.  These  latter  devices 
will,  in  many  places,  produce  an  effect  equal  to  an  increase  of  one- 
half  or  more  of  the  light,  by  protecting  the  eye  from  the  blinding 
effect  of  a  lot  of  overhead  lamps,  or  other  brilliant  ceiling  illu- 
mination. 

The  last  of  these  unknown  variables  to  be  met  and  overcome 
by  the  consulting  illuminating  engineer,  is  the  criticism  of  the 
man  who  is  not  open  to  conviction  because  he  does  not  want  to 
be  convinced,  as  he  has  some  interest  in  some  other  plan  which 
he  thinks  would  produce  better  results.  As  there  can  be  no  after 
remedy  for  this  sort  of  criticism,  it  should  be  expected  and  looked 
for  as  a  matter  of  course  and  its  possible  effects  anticipated  to 
see  if  there  can  be  any  way  of  overcoming  it  and  preventing  it 
from  producing  any  permanent  injury  to  the  satisfaction  which' 
should  be  enjoyed  from  the  lighting.  Probably  the  safest  way  to 
overcome  this  criticism  is  by  means  of  the  preliminary  studv 
which  can  be  so  carefully  made  as  to  leave  evidence  in  the  minds 
of  those  most  interested  of  the  desirability  of  tlie  means  selected. 
A  good  preliminary  discussion  of  the  probable  results  to  be  ex- 
pected, and  a  pointing  out  of  the  difficulties  to  be  overcome,  as 
well  as  a  clear  showing  that  the  daylight  illumination  has  its 
defects,  will  go  far  to  disarm  tlie  man  who  does  not  recall  the 
saying  that  it  is  easier  to  ask  questions  than  it  is  to  answer  them. 


DISCUSSION. 

John  Campbell. — I  think  as  wxll  as  variables  there  is  what 
might  be  termed  individuality.  As  far  as  the  question  of  lighting 
is  concerned,  I  doubt  if  any  ten  men  that  you  might  pick  at 
random  would  agree  that  any  particular  lighting  installation  was 
correct.  There  would  be  the  individual  criticism  of  the  thing.  I 
belive  what  Professor  Puffer  has  said  about  too  much  or  too  little 
light  in  offices.  Often,  if  you  could  substitute  smaller  lamps  with- 
out the  people  knowing  about  it  and  perhaps  get  the  clerks  to 
change  their  positions  in  some  instances  in  the  office,  you  would 
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get  credit  for  doing  wonders  with  the  lamps.  I  sometimes  think 
it  would  be  a  very  good  thing  to  leave  off  the  candle-power  meas- 
urement of  the  lamps.  As  long  as  one  is  marked  32  candle-power, 
it  is  considered  all  right.  It  would  not,  in  many  cases,  make  any 
difference  whether  it  was  an  eight  or  a  sixteen,  as  long  as  it  has 
thirty-two  stamped  on  it.  It  is  the  individual  judgment  of  the 
man  more  than  anything  else. 

N.  W.  Gifford. — I  think  it  is  very  true  that  we  are  frequently 
trying  to  use  a  great  deal  more  light  than  is  best  for  us,  and  are 
dissatisfied  without  knowing  what  the  trouble  is,  thinking  we  have 
not  light  enough.    I  have  noticed  it  in  my  own  case. 

B.  B.  Hatch. — The  committee  appointed  to  investigate  illumi- 
nation intensities  has  reported  that  the  proper  illumination  is 
about  two  foot-candles  on  a  school  room  desk.  The  matter  of 
variables  has  entered  into  the  question  very  largely.  I  happen  to 
know  that  the  five  members  of  the  committee  who  reported  on 
the  question  had  quite  different  opinions  at  first,  but  it  was  finally 
decided  that  two  foot-candles  was  about  right. 

Mr.  Campbell. — Regarding  too  much  light,  I  do  not  know 
whether  the  reason  why  nothing  more  has  been  done  with  the 
Welsbach  lamp  is  due  to  mechanical  reasons  or  not.  Of  course 
there  is  a  smaller  unit,  but  practically  you  have  got  to  use  the 
one  size  of  burner. 

T.  A.  Curry. — The  manufacturers  of  the  Welsbach  lamp  are 
making  mantles  burning  from  eight  feet  of  gas  down  to  one  and 
one-half  feet  of  gas  an  hour,  depending  entirely  upon  the  kind 
of  glassware  used.  We  manufacture  a  mantle  that  consumes  one 
and  one-half  feet  of  gas  an  hour,  and  gives  approximately  thirty 
candles,  and  that  is,  I  think,  the  smallest  mantle  made. 

The  Standard  mantle  is  three  and  one-half  inches  high  and  gives 
approximately  twenty  candle-power  to  a  foot  of  gas  consumed. 
The  quality  of  light  depends  altogether  upon  the  quantity  of 
cerium  used  in  the  mantle.  If  a  yellow  light  is  desired,  a  greater 
-quantity  of  cerium  is  used,  but  if,  on  the  other  hand,  a  while  light 
is  desired,  such  as  is  used  in  photographic  work,  the  quantity 
of  cerium  is  diminished. 

It  has  been  our  experience  that  the  demand  is  for  a  white  light, 
but  we  are  gradually  educating  users  of  Welsbach  mantles  up  to 
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the  yellow  standard.  Mantles  made  at  the  present  time  cannot 
be  considered  either  white  or  distinctly  yellow,  but  are  of  a  happy 
medium ;  but,  as  I  have  stated  before,  we  hope  in  a  short  time 
to  have  educated  the  people  up  to  the  use  of  the  yellow  light,  as 
we  feel  there  is  no  question  but  what  it  is  a  much  pleasanter 
light  to  read  by  and  much  easier  on  the  eyes. 

Dr.  Louis  Bell. — I  think  Professor  Puffer  has  done  us  a  good 
turn  in  calling  attention  to  the  subjective  factors  in  lighting — how 
great  they  are,  etc.  There  is,  however,  one  broad  fact  based 
perhaps  on  subjective  facts  which  he  ought  to  remember  very 
carefully,  and  that  is  that  uniformly  distributed  illumination  does 
not  get  one  out  of  the  difficulties  which  one  encounters.  It  is  a 
comparatively  easy  matter  to  form  an  approximate  idea  of  the 
amount  of  light,  in  foot-candles,  that  is  needed  for  any  particular 
work.  It  is  also  a  comparatively  easy  thing,  with  the  resources 
now  at  our  command,  unless  a  room  is  very  peculiar  in  dimensions 
or  in  finish,  to  provide  approximately  this  required  amount  of 
illumination  upon  the  working  plane  and  to  hold  it  with  very  good 
uniformity  over  the  surface.  But  that  does  not  guarantee  satis- 
faction in  that  place,  even  assuming  no  personal  idiosyncracies 
enter  into  the  question.  In  other  words  you  can  get,  we  will  say, 
two,  three  or  four  foot-candles,  which  is  about  the  usual  range, 
on  a  plane  thirty  inches  above  the  floor  in  this  or  any  other  room. 
In  so  far,  the  illumination  is  quite  ideal  in  quantity.  You  can 
also  arrange  the  light  so  that  there  will  not  be  objectionable 
cross  shadows,  but  you  cannot  overcome  the  efforts  of  the  young 
man  devoid  of  understanding  who  insists  upon  putting  his  back  to 
the  light  and  pushing  his  desk  where  he  will  get  the  light  over  his 
right  shoulder  or  sitting  with  a  blinder  over  his  eyes  and  poking  it 
down  over  the  paper  so  as  to  cut  off  what  little  light  might  other- 
wise come  to  him.  You  cannot,  in  other  words,  prevent  a  man 
misusing  any  kind  of  light,  natural  or  artificial,  however  uniform 
or  however  adequate  it  may  be.  That  is  one  of  the  most  serious 
things  confronting  us  from  a  practical  standpoint.  You  can  give 
a  man  in  a  counting  room,  for  example,  superb  illumination,  and 
if  the  man  insists  upon  putting  his  clerks  where  they  have  their 
backs  to  the  light,  where  they  write  with  their  pens  in  the  shadow 
of  the  hand  and  do  other  illogical  things,  you  cannot  get  satis- 
factory results.    That  is  simply  the  everlasting  contest  of  improve- 


78         TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

ment  against  human  stupidity.  Sometimes  you  find  a  man  who 
is  willinsf  to  do  all  he  can  to  utilize  his  illumination  if  vou  will 
do  what  you  can  to  give  him  the  illumination.  Then  there  is  no 
such  trouble.  I  had  a  couple  of  cases  within  the  last  year  which 
point  the  moral  here.  Both  were  rooms  where  a  considerable 
amount  of  clerical  work  had  to  be  done,  and  clerical  work  is 
harder  than  it  seems  to  be,  on  account  of  the  habit  of  writing 
with  a  crow  quill  pen,  with  ink  which  is  a  pale  blue  when  first  used 
and  which  may  possibly  turn  black  if  kept  on  file  long  enough,  etc. 
Part  of  the  trouble  also  comes  from  the  use  of  colored  papers  to 
w^hich  Professor  Puffer  has  alluded, — blue,  yellow,  pink  and  other 
colors.  All  these  things  make  it  difficult  to  light  a  room  anywhere 
for  clerical  work  on  account  of  the  extraordinary  conditions. 
Pencil  notes  made  with  hard  pencils  on  manila  paper,  etc.,  con- 
stantly bother  a  man  who  really  wants  to  see  quickly  and  promptly 
the  things  which  are  of  vital  importance  to  him.  That  puts  the 
counting  room  almost  into  a  class  with  the  drawing  room,  as  re- 
gards amount  of  light  required.  In  the  two  cases  to  which  I 
was  referring,  one  was  a  room  where  a  lot  of  this  fine  work 
had  to  be  done  and  which  was  run  by  a  man  who  was  thoroughly 
interested  in  getting  good  lighting.  The  lighting  to  start  with 
was  uniformly  distributed  and  sufficient  in  amount — reasonably 
good,  steady,  uniform  illumination — and  a  very  small  amount  of 
attention  in  keeping  the  men  in  proper  positions,  and  shifting 
the  desks  so  that  they  came  in  proper  positions  solved  the  problem 
entirely.  The  other  room  was  bossed  by  a  man  who  flew  into  the 
air  with  excitement  if  you  suggested  that  it  might  be  a  good  idea 
to  use  black  ink,  or  if  you  intimated  that  a  couple  of  clerks  who 
had  plate  glass  tops  to  their  desks  should  sit  on  the  opposite 
side  of  the  desk.  "Oh,  no,  they  could  not  do  so.  It  would  upset 
the  entire  establishment  if  they  moved  to  the  other  side  of  their 
desk.  They  must  have  the  glass  there  or  they  could  not  use 
the  desk,"  etc.  The  result  was  I  do  not  believe  that  room  will 
ever  be  properly  lighted  on  account  of  the  man  who  runs  it. 
Nevertheless,  the  illumination  itself  was  substantially  the  same  in 
both  rooms;  to  wit,  good  illumination  proper! v  distr'butcd.  It 
is  that  personal  factor  which  makes  the  work  of  the  illuminating 
engineer  so  difficult.  People  are  governed  to  a  large  extent  by 
certain  sui^erstitions.  The  idea  that  because  the  light  is  very  bright 
it  is  good  light,  we  are  gradually  getting  shaken  out  of  us, — 
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rather  more  rapidly  I  think  than  one  would  expec:,  but  the  notion 
that  the  only  gQod  light  is  light  which  .s  imn-vcdiately  over  the 
work  is  one  that  the  people  are  very  slow  to  throw  over.  The 
desk  lamp  of  thirty-two  candle-power  is  a  mighty  good  rhing  to 
get  rid  of.  I  think  the  chairman's  suggestion  of  taking  off  the 
lamp  labels  would,  in  nearly  every  case,  obviate  the  difficulty, 
and  the  man  would  be  just  as  happy  as  with  the  big  lamp,  pro- 
vided he  did  not  know  of  the  change.  That  subjective  factor  is 
constantly  a  troublesome  one. 

One  .of  the  things  which  we  really  have  to  meet,  however,  which 
is  not  in  the  subjective  class,  was  brought  strongly  to  my  mind 
by  a  remark  of  Professor  Puffer's,  and  that  is  the  conditions  we 
have  to  meet  just  as  a  room  is  passing  from  natural  to  artificial 
light.  Two  things  are  going  on  there,  both  of  them  bad.  In  the 
first  place  there  is  an  abrupt  change  in  the  direction  of  illumi- 
nation. If  a  man  had  the  shadows  comfortably  arranged  with  the 
natural  light,  they  will  be  reversed  with  the  artificial,  or  vice 
A^ersa.  In  any  case  the  period  during  which  the  change  is  taking 
place  is  embarrassing.  It  is  best  met  by  pulling  the  shades. 
People  often  do  not  think  of  this,  though  that  is  the  simplest  way 
to  meet  that  particular  difficulty. 

The  other  thing  to  be  conquered  in  the  same  way  is  the  actual 
difference  in  color  between  the  two  lights.  Skylight,  particularly 
when  the  direct  rays  of  the  sun  are  far  from  the  building,  is 
much  bluer  than  any  artificial  light.  Tht  difference  in  color  is 
very  radical.  If  you  put  a  pencil  on  the  desk  where  the  artificial 
and  natural  light  come  from  two  directions  (and  watcli  the 
shadows  it  will  be  seen.  The  result  is  that  the  eye  hunts  for  a 
focus  between  the  two  focal  surfaces,  one  of  them  determined 
by  the  short  wave  lengths  of  the  skylight  and  the  other  by  the 
longer  waves  which  come  from  the  artificial  light.  The  difference 
in  focus  between  the  dominant  rays  in  the  two  cases  may  be 
enough  to  keep  the  eye  undecided  whether  it  shall  push  the  blue 
rays  into  focus  or  the  other  ones,  and  there  is  a  constant  tendency 
to  ''hunt"  which,  in  addition  to  the  difference  in  direction,  makes 
a  very  distressing  condition.  The  only  thing  to  do  is  either  to 
pull  the  shades  or  provide  enough  artificial  light  to  drown  out 
the  other  light.  Sometimes  the  desks  and  tables  at  one  end  of 
the  room  only  would  need  artificial  light  at  first.  Those  near 
the   window   would   get   natural   light   for   some   time   after   the 
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others.  Perhaps  in  this  case  the  best  way  is  to  provide  enough 
l^erht  of  an  artificial  character  to  drown  out  the'  other  when  the 
change  in  quahty  is  first  taking  place. 

Professor  H.  E.  Clifford. — Professor  Puffer  states  in  very 
clear  terms  the  fact  that  illumination  is  concerned  with  two  dis- 
tinct effects,  the  physiological  effect,  which  is  merely  the  reception 
of  light  waves  in  the  eye,  and  what  is  more  important,  the 
psychological  effect,  which  is  judgment  as  to  the  effectiveness, 
the  value,  the  character,  the  satisfaction  of  that  particular  light. 
I  say  the  psychological  effect  is  much  more  important,  and  T 
think  we  all  admit  that  to  be  the  case.  It  gives  rise  to  these 
variables  of  which  Professor  Puffer  has  spoken.  I  have  in  mind 
a  drafting  room  in  an  educational  institution  where  the  students- 
are  particularly  insistent  on  securing  proper  lighting  conditions 
for  working.  Fifty  candle-power  lamps  were  removed  and  thirty- 
two  candle-power  lamps  of  the  same  type  were  used  in  replacing 
them.  The  person  in  charge  of  the  room  received  for  a  number 
of  days  frequent  statements  that  it  was  an  imposition  to  ask 
students  to  carry  on  drafting  with  such  reduced  illumination.  The 
matter  came  to  the  attention  of  the  professor  in  charge  of  the  il- 
lumination and  he,  realizing  the  phychological  effect,  replaced 
those  thirty-two  candle-power  old  style  lamps  by  thirty-two 
candle-power  Gem  lamps  with  satisfactory  results.  The  Gem 
lamp  had  about  the  same  volume,  to  the  eye  of  the  student,  as 
the  old  fifty  candle-power  lamp.  The  idea  was  that  they  were 
used  to  seeing  a  certain  volume  of  bulb.  That  volume  of  bulb 
they  thought  must  of  necessity  give  a  certain  amount  of  light. 
The  psychological  effect  was  necessary  there  to  give  satisfaction. 

Professor  Puffer  said  it  was  rather  difficult  to  define  illumina- 
tion. 1  think  I  should  differ  with  him  on  his  definition.  It  seems- 
to  me  he  does  not  discriminate  between  illumination  and  seeing. 
Illumination,  as  I  look  at  it,  is  the  amount  of  light  any  object  re- 
ceives expressed  in  proper  units.  Seeing  is  the  power  to  discrimi- 
nate between  two  objects.  This  question  of  terminology  in  il- 
luminating engineering  is  most  important. 

I  was  struck  also  with  the  statement  in  the  paper  as  to  the  in- 
ability of  the  eye  to  judge  of  distances  unless  by  comparison 
with  some  background.  I  think  we  are  all  familiar  with  the  size 
of  the  rising  moon  as  compared  with   the  moon   in  the  zenith. 
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\\'e  Iviiow  that  the  relative  angle  subtended  does  not  give  us 
any  such  difference  as  we  apparently  see.  I  am  much  interested 
in  the  question  as  to  what  influences  the  ease  of  determining 
];osition  by  using  the  shadow  of  an  object. 

Professor  Puffer. — In  case  of  a  shadow  you  do  not  take  the 
trouble  to  focus.     In  the  other  case  you  must  focus. 

Professor  Clifford. — A  bright  light  in  any  particular  part  of 
the  room  and  the  rest  of  the  room  dark,  is  a  condition  that  is  being 
more  or  less  discarded.  Only  a  few  years  ago  it  was  not  uncom- 
mon to  find  a  very  bright  light  over  the  books  or  desk  and  the 
rest  of  the  office  would  be  in  greater  or  less  obscurity.  The  effect 
undoubtedly  is  that  the  rapid  change  of  size  of  opening  of  the 
pupil  as  you  look  from  the  brilliantly  illuminated  portion  into  the 
(lark  areas  is  the  cause  of  fatigue  which  thereby  results.  I  was 
glad  to  hear  Professor  Puffer  speak  of  the  glazed  papers.  I 
had  some  experience  with  these  for  a  number  of  years  in  my 
work,  with  constant  protests.  Whether  glazed  papers  were 
cheaper  I  do  not  know,  but  at  all  events  in  blocks  for  scribbling 
which  one  is  apt  to  use,  the  glazed  paper  produced  an  effect  of 
fatigue  which  brought  on  in  my  own  particular  case  distinct 
headache.  Working  under  exactly  the  same  conditions,  with  the 
same  illumination,  the  same  number  of  hours  per  day  and  with 
no  very  great  difference  in  the  age  of  the  worker,  I  find  there 
is  much  difference  from  this  cause.  I  diink  the  use  of  glazed 
papers  is  very  harmful. 

I  am  interested  in  Professor  Puft'er's  suggestion  as  to  what 
the  effect  would  be  if  a  color-blind  person  were  placed  in  a  room 
lighted  by  either  a  mercury  arc  or  a  yellow  flame  arc.  I  believe 
the  effect  would  be  about  the  same  as  that  on  the  normal  eye. 
If  you  take  any  line  spectrum  such  as  that  given  by  these  lamps 
the  effect  of  contrast  is  very  much  the  same  for  the  red  blind 
as  it  would  be  for  the  normal  eye,  though  not  of  course  for  the 
green  blind. 

I  also  heartily  subscribe  to  what  Professor  Puffer  says  as  to 
the  distinction  between  selecting  and  getting  a  general  idea — ■ 
of  merely  taking  a  general  look  or  of  recognizing  details.  The 
difference  is  very  marked  indeed  in  the  character  of  illumination 
required.  I  have  noticed  that  especially  in  the  laboratory  in  the 
reading  of  verniers.     You  may  take  the  scale  of  a  vernier  and 
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iret  a  eeneral  idea  of  it  with  an\'  sort  of  illumination,  but  if  you 
have  got  to  tell  whether  it  is  some  particular  fraction  of  an 
inch  or  of  a  degree  the  character  of  the  illumination  must  be 
much  superior  to  that  required  for  a  general  setting  of  the  scale. 

Dr.  Bell. — One  thing  is  tlie  question  of  habit  in  ease  of  read- 
ing. I  think  we  see  the  difficulties  which  come  from  observing 
unusual  things  when  we  begin  the  study  of  German  or  of  Greek. 

Professor  Puffer. — Reading  a  German  paper  or  any  unfamiliar 
form  of  type  is  especially  hard  because  we  are  not  used  to  gaug- 
ing it  at  once  and  it  requires  exact  concentration  to  make  out 
the  form.  Another  very  interesting  instance  showing  the  failure 
of  stereoscopic  vision  and  the  attempt  of  the  eye  to  get  this 
under  certain  circumstances  can  be  observed  if  anyone  looks 
into  one  of  the  old-fashioned  panoramas.  Go  into  one  of  those 
where  you  have  real  cannon  and  stuffed  horses  in  the  foreground 
fading  off  into  the  distance  apparently  but  really  into  the  painted 
images  of  such  things,  and  the  eye  gets  a  terrific  strain.  It 
travels  up  very  well  on  the  real  tiling  and  then  vainly  endeavors 
to  find  something  to  fix  on  in  the  painting,  and  the  effect  is 
quite  distressing. 

Professor  Puffer. — That  effect  works  two  ways.  If  the  dis- 
tance measuring  does  not  extend  more  than  a  few  feet,  what  dif- 
ference does  it  make  whether  we  see  an  object  or  the  imitation, 
provided  the  imitation  is  at  such  a  distance  away  that  the  effect 
is  the  same.  You  are  going  to  say  that  the  eye  does  focus 
further  than  the  distance  measuring  device. 

Dr.  Bell. — But  also  the  distance  measuring  device  works  over 
comparatively  a  short  distance  and  then  tries  to  continue  the 
same  process  abruptly  on  the  picture  and  fails. 

Professor  Clifford. — I  think  some  of  it  is  due  to  the  lack  of  a 
I^roper  vanishing  point.  You  have  no  fixed  vanishing  points 
as  they  actually  exist  in  nature.  As  you  look  at  any  landscape 
you  have  a  vanishing  point.  The  cyclorama  must  have  a  vanish- 
ing point  on  the  arc  of  a  circle.  You  look  at  it  and  you  are  im- 
mediately lost  for  a  proper  vanishing  point  to  produce  the  effect 
due  to  conveyance  of  the  axes  of  the  eyes. 

Professor  Puffer. — I  would  say  that  one  of  the  objects  I  had 
in   writing  this   jKipcr   was   deliberately  to  call   attention   to  the 
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fact  that  the  element  of  satisfaction  to  the  user  is  about  fifty 
per  cent  of  the  work  of  the  illuminating  engineer,  and  the  satis- 
faction of  the  user  is  expressed  in  terms  of  his  experience  under 
which  he  has  previously  seen  these  things,  and  if  he  has  always 
seen  a  thing  black  on  one  side  and  white  on  the  other,  he  does 
not  know  what  he  is  looking  at  if  you  reverse  the  colors.  I 
have  seen  some  very  strange  experiments  showing  the  difference 
in  the  appearance  of  things  when  the  direction  of  illumination  is 
altered.  You  can  see  that  in  some  mills,  noticing  the  difference 
between  daylight  work  and  night  work.  It  is  not  the  same 
place  in  appearance  and  is  so  different  sometimes  that  you  would 
hardly  recognize  the  place.  Some  ceilings  come  out  at  night. 
In  the  daytime  you  cannot  see  them.  By  daytime  the  floors  are 
very  plain  in  certain  places.  By  artificial  light  they  are  very 
likely  to  be  plain  in  all  places,  and  that  affects  the  eye  in.  what 
I  have  termed  after  considerable  thought  "previous  eye  experience 
judgment."  That  is  what  we  work  by.  Often  you  really  do  not 
see.  You  simply  realize  that  a  condition  has  happened  and  you 
know  from  previous  experience  that  a  certain  thing  is  there. 

/.  6".  Codman. — I  once  asked  a  printer  if  the  various  glazed 
papers  are  used  so  commonly  because  they  are  cheap.  He  said 
no,  that  they  are  expensive  papers.  As  far  as  I  could  make  out 
from  him,  the  only  reason  for  using  them,  unless  people  like 
them,  which  I  cannot  imagine,  is  that  they  take  cuts  well. 

Mr.  Hatch. — I  would  like  to  ask  Professor  Puffer  if  the 
psychological  effect  spoken  of  has  been  .taken  up  in  connection 
with  indirect  forms  of  lighting — that  is  lighting  by  reflection? 
That  effect  has  been  spoken  of  by  the  committee  which  has 
recently  reported  on  schoolhouse  lighting-,  saying  that  any  form 
of  illumination  realized  by  means  of  reflection,  or  a  fixture  throw- 
ing its  light  against  the  ceiling  and  from  there  down  is  unde- 
sirable. 

Mr.  Hatch. — A  two  foot-candle  indirect  illumination  does  not 
seem  to  satisfy  as  well  as  one  foot-candle  with  direct  lighting. 
You  cannot  see  the  source,  and  it  is  the  psyohological  effect  of 
that  kind  of  light. 

Professor  Pufl-er. — I  think  off-hand  I  should  dispute  it. 
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Professor  Cliff.ord. — I  think  there  is  a  general  feeling  among 
observers  that  where  one  is  receiving  any  sensation,  the  best 
satisfaction  requires  that  the  source  of  that  sensation  should  be 
visible.  You  know,  for  example,  in  listening  to  an  orchestra 
there  is  not  the  same  satisfaction  when  you  cannot  see  the  per- 
formers. It  is  not  the  mere  kind  of  tone  but  the  association  of 
the  actual  sensation  with  the  method  of  its  production. 

Dr.  Bell. — The  whole  point  is  this,  in  the  report  of  the  com- 
mittee. The  term  "indirect  lighting"  as  used  by  it  means  light- 
ing which  is  shadowless.  1  think  there  is  an  absolute  confusion 
of  ideas  in  using  this  term  to  signify  completely  distributed  in- 
direct lighting.  There  is  no  quesiion  but  what  shadowless  illum- 
ination is  more  trying  than  other  illumination. 


Mr.  Hatch. — I  have  been  inclined  to  think  that  the  psychol- 
ogical effect  is  due  to  the  highly  illuminated  ceiling. 

Professor  Clifford. — I  think  that  is  right.  A  highly  illumi- 
nated ceiling  rather  clashes  with  one's  judgment  of  what  its 
distance  should  be.    It  seems  to  bring  it  too  near. 

Professor  Puffer. — I  think  also  that  our  experience  is  that 
the  bottom  of  things  ought  to  be  black. 

Professor  Clifford. — Anybody  who  objects  to  the  ceiling  being 
too  strongly  illuminated  will  find  that  it  is  perfectly  satis  factor)' 
with  eyes  shaded. 

Mr.  Hatch. — In  the  schools  the  pressure  in  the  head  spoken  of 
has  everywhere  been  complained  of. 

Mr.  Puffer. — I  would  like  to  see  an  instrument  which  would 
measure  the  pressure  on  a  man's  head  when  he  is  thinking,  and 
note  the  change  in  pressure  when  a  shade  is  put  on  the  eyes.  I 
think  it  would  be  considerable. 

Mr.  Codman. — Don't  you  think  the  eye  shade  is  a  remedy  that 
is  worse  than  the  disease? 

Professor  Puffer. — It  is  a  nuisance,  of  course,  but  it  is  a  mat- 
ter of  choosinsf  the  lesser  evil  sometimes. 


DISCUSSION  BEFORE  THE  NEW  ENGLAND  SECTION 
ON  "FIXTURE  DESIGN  FROM  THE  STANDPOINT 
OF  THE  ILLUMINATING  ENGINEER,"  BY  LAN- 
SINGH  AND  HECK,   NOVEMBER  5,    1907. 


B.  B.  Hatch. — Mr.  Lansingh  has  directed  our  attention  to  the 
improper  use  of  green  flashed  shades  in  connection  with  library 
table  lighting.  We  have  had  considerable  experience  in  this 
class  of  work,  and  have  found  the  green  flashed  shade  more 
desirable  than  the  McCrear}^  frosted  bottom,  for  two  reasons, 
one  of  which  is  the  wider  distribution  of  light  obtained  from  the 
green  flashed  shade,  and  the  fact  that  the  McCreary  shade  catches 
and  holds  a  great  deal  of  dust.  I  agree  with  Mr.  Lansingh  that 
the  McCreary  shade  is  more  ideal,  but  in  order  to  light  a  stand- 
ard library  table  it  would  be  necessary  to  install  more  than  two 
fixtures,  as  we  now  do.  Library  authorities  would  object  to  hav- 
ing any  more  of  the  table  space  taken  up  with  fixtures. 

Artificial  lighting  has  very  little  to  do  with  the  eye  troubles  in 
children  as  they  develop  while  the  child  is  very  young,  say  be- 
tween the  ages  of  seven  and  nine,  which  is  before  the  child 
"begins  to  attend  night  schools.  It  is  my  opinion  that  more  de- 
fective vision  is  caused  by  the  uneven  daylight  illumination  than 
is  generally  realized.  An  average  size  cl?ss-room  may  have  seven 
TOWS  of  desks,  and  in  most  cases  will  be  lighted  from  a  single 
row  of  windows  on  the  left.  The  child  in  the  sixth  or  seventh 
TOW  gets  about  one-tenth  the  illumination  that  is  received  by  the 
■child  in  the  row  next  to  the  window.  This  may  be  suflicient  in 
some  cases,  but  many  rooms  are  so  situated  that  daylight  is  par- 
tially cut  ofif  at  some  part  of  the  day  and  then  the  illumination 
is  altogether  insufiicient  and  it  is  largely,  from  sucli  cases  that 
•defective  vision  originates. 

H.  T.  Sands. — There  is  one  very  important  factor  in  fixture 
•designs,  speaking  now  from  the  residential  standpoint,  which 
I  think  has  been  overlooked  in  the  presentation  of  this  paper, 
and  that  is  the  householder  himself,  or  to  be  more  exact,  the 
householder's  wife.  \\q  find  that  she  has  some  very  decided 
ideas  of  her  own  as  to  what  she  wants  in  her  house,  and  we  can 
talk  efficiency  all  we  please,  unless  we  can  combine  beauty  with 
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it,  she  will  not  have  it.  There  is  no  doubt  but  that  the  pris- 
matic shade  has  done  a  o;reat  deal  for  us  in  the  field  of  store 
and  auditorium  li^htinj:^,  but  I  have  failed  to  find  it  of  much 
value  in  residential  work.  I  fear  that  our  prismatic  friends  have 
gone  to  the  other  extreme  and  have  sought  for  efficiency  only 
without  any  regard  to  the  beautiful. 

IV.  H.  Blood,  Jr. — I  do  not  think  there  is  any  apparatus  in  use 
in  connection  with  electric  lighting  which  has  been  so  much 
neglected  as  the  design  of  fixtures.  In  the  catalogues  of  the  best 
fixture  manufacturers  to-day,  the  standard  fixtures  are  almost 
identical  with  those  made  ten  or  fifteen  years  ago.  Fixture  manu- 
facturers do  not  seem  to  have  made  any  progress  at  all. 

It  seems  to  me  that  great  many  illuminating  engineers  have 
erred  by  trying  to  produce  a  imiform  distribution  of  illumina- 
tion in  residences.  Personally,  I  believe  that  that  is  the  last  thing 
we  should  strive  for.  The  beauty  of  a  landscape  depends  upon 
contrast  between  light  and  shade.  No  room  in  a  dwelling  house 
is  attractive  which  is  flooded  with  a  glare  of  light. 

The  placing  of  fixtures  in  the  centre  of  a  room  is  undoubtedly 
the  most  economical  way  of  lighting  a  room,  but  it  gives  this 
unpleasant  glare  that  I  have  spoken  of  and  makes  it  almost  im- 
possible to  sit  and  read  with  any  degree  of  pleasure  in  any  part 
of  the  room. 

The  placing  of  lamps  in  suitable  brackets  on  the  side  walls  is 
to  my  mind  a  better  way  to  light  a  room.  The  light,  of  course,, 
should  be  properly  shaded  or  the  lamp  should  be  enclosed  in 
ground  glass  globes.  Softness  of  light  should  be  striven  for. 
It  is  undesirable  to  use  lamps  which  have  high  intrinsic  brilliancy. 

I\rr.  T.ansingh  has  called  attention  to  a  fixture  which  is  used 
in  the  Hotel  Astor,  Xew  York  City.  He  says,  "this  is  undoubted- 
ly one  of  the  most  economical  methods  of  lighting  a  room."  I 
agree  with  him,  but  at  the  same  time  I  believe  it  is  most  unsatis- 
factory and  inartistic.  I  have  a  fixture  of  this  kind  in  my  own  liv- 
ing room  which  produces  very  harsh  and  unpleasant  lighting  ef- 
fects. My  pica  is  for  tlic  elimination  of  such  fixtures  as  this  and 
the  recommendation  that  a  great  deal  more  attention  be  given  to 
tlic  (k'sign  of  ])roi)er  side  brackets  and  their  careful  installation. 

JV.  II.  Clark. — 'Hie  illuminating  engineer  must  point  out  the 
esscnlial  characteristics  of  fixtures  that  will  properly  illuminate 
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a  room,  and  the  designer  or  artist  should  endeavor  to  make  these 
fixtures  most  pleasing  in  outline.  One  of  the  members  this 
evening-  has  said  that  the  architect  rightly  requires  a  wall  bracket 
to  point  upward  in  a  colonial  cottage,  even  though  the  room 
under  question  would  be  better  or  more  economically  illuminated 
were  the  bracket  to  point  downward.  Is  this  a  fact  ?  It  is  true 
that  when  colonial  architecture  was  first  developed  that  the  oil 
lamps  of  various  sorts  and  the  candles  threw  their  flame  and  light 
largely  upward,  but  when  the  old  passes  aw^ay,  why  should  the 
new  of  necessity  imitate  the  old,  especially  if  the  characteristics 
of  the  new  are  such  as  to  be  of  greater  value  if  used  in  a  new 
way  ? 

There  is  a  tendency  to  light  many  fine  rooms  by  wall  brackets, 
even  though  it  is  very  uneconomical  compared  with  ceiling  light- 
ing. It  has  been  pointed  out  repeatedly  that  central  ceiling  lighting 
is  unnatural  compared  with  daylight,  and  is  unpleasant  and  trying 
to  the  eyes.  But  we  should  remember  that  there  is  an  alternative, 
that  of  using  several  ceiling  lamps.  By  using  box  clusters  or  fix- 
tures in  the  four  corners  of  the  ceiling  one  could  get  a  suitable 
illumination  for  reading.  Nor  does  one  have  to  depend  upon 
ceiling  lighting  nor  wall  lighting  for  illumination  for  reading, 
for  the  portable  reading  lamp  is  superior  to  either. 

In  decorative  lighting  I  have  noticed  an  increasing  tendency 
toward  using  many  handsome  portable  lamps  arranged  on  tables 
at  sides,  corners,  centres,  and  in  fact  any  convenient  point  in  a 
room,  wired  from  base  and  floor  receptacles. 

/.  E.  Livor. — So  many  remarks  have  been  made  against  the 
fixture  man,  and  in  a  manner  showing  gross  ignorance  of  the 
conditions  which  the  fixture  manufacturer  has  to  meet,  that  I 
feel  it  necessary  to  say  a  few  words  in  his  behalf.  I  do  not  blame 
the  architect  for  demanding  fixtures  which  are  architecturally 
correct.  In  fact,  the  fixture  man  is  heartily  in  S3'mpathy  with  any- 
thing of  this  kind.  But  it  is  very  evident  from  the  discussion 
that  the  fixture  man  and  the  illuminating  engineer  are  at  con- 
siderable variance,  the  illuminating  engineer  being,  apparently,  as 
far. ahead  of  the  times  as  the  fixture  men  with  his  ''old  fogy'* 
ideas  is  behind.  Therefore,  it  seems  to  me  that  if  the  fixture 
man  came  up  to  the  mark  and  the  illuminating  engineer  left 
his  ideals  and  came  down  to  the  mark,  we  would  meet  at  a  happy 
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medium  which  would  result  in  a  combination  of  illuminating  effi- 
ciency together  with  artistic  and  correct  lighting  structures. 

From  the  remarks  made  by  many  of  those  present  it  would 
seem  impossible  to  get  scientifically  correct  illumination  from  a 
chandelier  with  the  lamps  turned  up.  This  is  a  fallacy  of  the 
worst  kind,  as  some  of  the  best  illuminated  rooms  have  upright 
arms  on  the  chandeliers.  Further  than  that,  it  is  a  well-known 
fact  that  our  ancestors  did  not  burn  candles  upside  down  nor 
did  they  burn  oil  lamps  upside  down.  The  illuminating  engineer 
in  his  ideals  will  say  that  it  is  not  necessary  to  do  what  our  an- 
cestors did  as  we  are  in  advanced  times.  This  is  correct  from 
every  other  standpoint  but  the  architectural,  and  in  a  great  many 
cases  the  fixture  man  would  advocate  lamps  turning  downward, 
even  on  an  old  classic  fixture  ;  but  on  the  other  hand,  if  you  enter 
a  building  where  thousands  upon  thousands  of  dollars  have  been 
spent  to  obtain  an  efifect  in  a  certain  period,  we  will  say  for  the 
sake  of  argument,  Colonial — does  it  seem  exactly  right  to  put 
the  lighting  fixture  in  the  centre  of  the  room,  which  is  just  as  im- 
portant to  the  detail  of  the  room  as  a  piece  of  furniture,  and  turn 
it  upside  down,  with  either  candle  or  oil  lamp  efifects  coming 
from  each  arm,  or  would  it  be  proper  to  change  the  period  of  the 
fixture  to  L'Art  Nowi'caii,  so-called,  so  that  we  might  obtain  the 
proper  efifect  of  illumination,  when  sufficient  illumination  can  be 
obtained  with  the  arms  turned  up  and  everything  be  in  harmony 
with  the  architectural  detail  of  the  room? 

One  of  the  speakers  mentioned  the  fact  that  he  could  not  go 
around  to  any  fixture  house  in  the  country  and  find  six  fixtures 
that  were  properly  constructed  froni  the  illuminating  engineer's 
standpoint.  Let  me  add — If  any  dealer  had  more  than  six  of 
these  fixtures  along  these  lines,  he  would  be  obliged  to  go  out  of 
business.  This  may  seem  unnecessary  harsh,  but  I  think  it  better 
to  deal  with  cold  facts  rather  than  pleasant  words  which  mean 
nothing.  Further  than  that,  several  designs  shown  in  the  paper, 
which  ar^  termed  good  designs,  certainly,  would  not  grace  fix- 
ture show  rooms. 

It  is  a  very  rare  thing  to  go  into  a  house  or  a  building  under 
the  existing  conditions  which  may  be  called  poorly  illuminated. 
It  may  be  expensively  illuminated  but  the  fixture  man  always  con- 
siders the  matter  of  giving  sufficient  light.  In  residence  lighting 
we  meet  a  great  many  people  who  insist  upon  having  nothing 
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but  a  dull  g-low  of  lig-ht  throughout  the  various  living  rooms. 
From  an  artistic  standpoint  this  is  correct,  but  personally  I  do 
not  belive  in  having-  dull  lighting  in  any  room,  neither  do  I  be- 
lieve in  having  sunshine  at  night.  But  there  is  a  happy  medium 
to  be  reached  and  that  can  be  only  done  when  the  illuminating 
engineer  realizess  the  obstacles  which  the  fixture  man  has  to 
overcome,  and,  instead  of  telling  him  what  to  do  from  away  off 
at  a  great  distance,  comes  down  to  his  position,  placing  himself 
as  the  fixture  man  is  placed,  and  then  with  his  scientific  knowl- 
edge works  out  the  problem  along  these  lines. 

John  Campbell. — In  probably  no  other  society  than  that  of  the 
Illuminating  Engineering  Society  is  the  question  of  responsibility 
for  results  more  frequently  passed  on  from  one  to  the  other. 
For  instance,  the  fixture  dealer,  the  moment  a  criticism  regarding 
the  lighting  results  of  a  building  arises,  very  calmly  says,  ''Its 
up  to  the  architect."  This  to  a  certain  extent  may  or  may  not  be 
true,  but  it  is  a  conspicuous  fact  that  the  fixtures  as  sold  to-day 
are  mere  reproductions  of  those  of  antiquity.  I  am  not  speak- 
ing now  of  the  class  of  fixture  that  means  a  large  expenditure 
of  money  for  special  results,  but  T  mean  the  average  moderate 
and  .low  priced  electric  fixture  of  to-day  is  nothing  more  than  a 
reproduction  of  the  older  form  of  gas  fixture,  slightly  adapted  to 
electric  use. 

Now  this  is  a  matter  that  the  fixture  dealer  is  responsible  for 
himself. 

Our  modern  hotels  are  a  shining  example  of  poor  fixture  de- 
sign, and  I  mean  by  poor  fixture  design  that  the  fixtures  do  not 
meet  the  requirements  for  which  they  were  intended.  Go  to  a 
hotel  and  have  occasion  to  read  or  write  in  your  room  and  in  nine 
cases  out  of  ten,  you  give  it  up  either  from  eye  ache  or  else  in 
sheer  disgust  because  of  the  fact  that  your  light  is  anywhere 
but  where  it  can  be  used. 

R.  C.  Ware. — I  agree  entirely  with  Mr.  Blood  as  regards  the 
very  unpleasant  effect  of  a  room  lighted  by  a  chandelier  in  the 
centre  only,  when  this  room  is  to  be  used  for  reading  or  study. 
The  room  thus  lighted  is  undoubtedly  fully  and  economically  il- 
luminated, but  I  think  in  general  a  better  result  is  procured  by 
the  use  of  a  prismatic  ceiling  hemisphere,  which  is  a  real  boon 
to  the  ordinary  lighting  of  the  living  room. 
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You  cannot,  on  the  other  hand,  obtain  really  satisfactory  re- 
sults from  bracket  lighting  only,  and  for  the  Ordinary  living 
room  I  advise  a  combination  of  these  methods.  As  regards  the 
problem  given  the  fixture  designer  by  the  architect  it  seems  to 
me  it  is  up  to  the  designer  primarily  to  procure  satisfactory  re- 
sults, from  the  point  of  view  of  illumination ;  he  must  adapt  the 
design  to  these  necessities  first,  and  with  the  architectural  re- 
quirements as  a  secondary  consideration  only. 

With  the  present  methods  and  means  at  our  disposal,  I  believe 
that  we  can  obtain  almost  any  desired  artistic  result  without  in- 
terfering in  the  slightest  degree  with  the  efficiency  of  the  fixture. 
In  the  case  of  the  classical  building  referred  to,  the  fixtures  could 
be  made  in  the  shape  of  torches  or  tripods,  etc.,  and  >et  l:>y  means 
of  suitable  reflectors  give  a  suitable  illumination.  The  architect 
is  not,  it  seems  to  me,  at  fault  in  this  regard. 

As  regards  the  lighting  of  schools  ;  I  think  most  of  the  trouble 
with  the  eyes  of  children  should  be  treated  by  doctors  and  parents 
at  the  home  where  the  trouble  originates.  On  the  other  hand. 
school  room  lighting  should  be  given  the  greatest  attention ;  and 
in  the  case  of  the  deep  room  lighted  by  windows  on  one  side 
only,  the  side  away  from  the  windows  is  unduly  dim  and  arti- 
ficial light  should  be  used  for  that  portion  of  the  room.  The 
quality  of  light  used  must,  of  course,  approach  that  of  daylight 
as  nearly  as  possible,  the  incandescent  gas  lamp  being  the  most 
serviceable  in  this  respect. 

In  closing,  I  should  like  to  call  the  attention  of  the  members 
to  the  fact  that  architects  and  illuminating  engineers  when  lay- 
ing out  installations  should  realize  that,  with  modern  methods, 
gas  can  be  adapted  to  practically  any  desired  form  of  fixture.  I 
have  been  looking  over  Mr.  Lansingh's  article,  and  with  only  two 
exceptions — the  ceiling  hemispheres  and  the  lamp  at  a  marked 
•angle — I  see  no  fixture  to  which  gas  mantle  illumination  cannot 
be  adapted,  either  with  the  upright  mantle  or  the  exceedingly  ef- 
ficient and  satisfactory  inverted  burner. 

V.  R.  Lansingh. — I  should  like  to  emphasize  the  question 
brought  up  by  Mr.  TTatch,  of  the  necessity  of  using  some  form  of 
mica  gasket  or  asbestos  washer  in  all  pendant  closed  globes  to 
prevent  the  entrance  of  dust.  Tn  many  forms  of  fixtures  as 
made  to-day,  the  husk  which  supports  the  globe  prevents  the  en- 
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trance  of  dust,  but  where  such  o-lobes  are  supported,  as  is  done 
in  a  large  number  of  cases,  by  a  simple  holder,  there  is  nothing- 
to  prevent  the  entrance  of  dust  which  collects  at  the  bottom. 
This,  in  the  first  place,  looks  bad  and  second,  very  materiallv  re- 
duces the  efficiency- 
Referring-  to  the  question  of  school  room  lighting  as  brought 
out  by  Mr.  Hatch,  I  agree  with  him  that  undoubtedly  a  good 
deal  of  harm  comes  to  the  eyes  of  school  children  through  poor 
day-light  illumination  and  that  this  harm  is  further  enhanced  by 
the  generally  poor  illumination  which  is  furnished  the  ordinary 
child  for  study  at  home  in  the  evening.  At  the  same  time,  we  are 
more  or  less  ruining  the  eyes  of  the  adult  who  attends  night 
school.  In  the  city  of  New  York  no  efifort  has  been  spared  to 
obtain  good  lighting  by  dav,  but  no  study  apparentlv  whatever, 
has  been  given  to  artificial  lighting.  In  all  of  the  rooms  I  have 
seen  the  artificial  lighting  is  obtained  by  a  number  of  clusters  of 
bare  lamps  covered  with  a  flat  porcelain  shade,  hung  about  six 
feet  six  inches  from  the  floor,  and  so  placed  that  a  student  in 
looking  toward  the  front  of  the  room  must  necessarily  look  di- 
rectly at  the  bare  lamps.  It  would  be  rather  hard  to  conceive  of 
a  condition  which  could  be  worse  as  far  as  the  effect  on  the  eye 
is  concerned. 

Mr.  Sands  spoke  of  the  difficulty  of  getting  the  householder's 
wife  to  look  at  the  problem  of  illumination  from  the  standpoint 
of  economy.  I  thoroughly  agree  with  him  that  this  is  a  difficult 
task,  for,  as  a  rule,  the  only  points  which  she  will  consider  are  the 
artistic.  Nevertheless,  by  the  use  of  a  certain  amount  of  dip- 
lomacy, it  is  possible,  in  many  cases,  to  design  illumination  which 
will  fulfil  her  idea  of  the  artistic  and  not  be  uneconomical. 

Take  for  example  the  question  of  lighting  a  bed  room.  One 
of  the  best  schemes  for  lighting  such  a  room  that  I  know  of,  is 
that  used  in  the  Astor  Hotel,  New  York,  where  the  main  lighting 
is  done  by  a  ceiling  cluster  with  concentrating  prismatic  reflectors 
which  give  good  general  illumination,  but  at  the  same  time  a  suf- 
ficiently concentrated  light  directly  underneath  to  enable  one  to 
sew  or  read  easilv.  Two  somewhat  similar  fixtures  are  placed 
over  the  bureau  and  by  means  of  the  white  cover  oti  top  give  good 
illumination,  not  only  on  the  top  of  the  head  of  a  person  standing 
in  front,  but  also  reflect  sufficient  light  under  the  chin  to  make 
shaving  an  easv  task.     In  addition,  there  is  a  portable  lamp  for 
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reading  in  bed,  placed  on  a  small  table  and  shaded  with  a  silk 
shade.  Even  ladies  who  have  critically  examined  this  lighting 
have  pronounced  it  satisfactory  to  their  artistic  sense. 

Generally  speaking,  however,  the  lighting  of  bed  rooms,  espe- 
cially in  hotels,  is  about  as  poor  as  one  could  imagine. 

With  reference  to  the  point  brought  out  by  Mr.  Blood  as  to 
the  fixture  dealers  being  hide-bound  and  behind  the  times,  I  must 
say,  that,  in  general,  I  thoroughly  agree  with  him.  It  would 
probably  be  impossible  to  go  in  any  fixture  dealer's  store  in 
Boston  and  get  them  to  point  out  to  you  a  fixture,  even  of  the 
simplest  character,  which  was  designed  primarily,  or  even  sec- 
ondary, to  give  good  illumination.  The  fixture  dealer  is,  as  a 
rule,  apparently  bound  by  only  two  considerations :  the  amount  of 
metal  which  can  be  placed  in  the  fixture,  or  the  artistic  effect 
which  can  be  obtained,  apparently  overlooking  entirely  the  fact 
that  the  fixture  is  primarily  designed  to  give  illumination. 

With  further  reference  to  the  point  brought  out  by  Mr.  Blood 
regarding  centre  fixtures  and  side  brackets,  I  would  state  that 
there  are  advantages  and  disadvantages  to  both  methods  and  that 
probably  a  judicious  use  of  both  is  most  satisfactory  for  house 
lighting.  Undoubtedly  the  centre  fixture  is  the  more  economical, 
inasmuch  as  the  rays  of  light  pass  through  the  room  before 
reaching  the  walls  where  they  are  largely  lost  by  absorption ; 
while  in  the  case  of  brackets,  nearly  one-half  of  the  light  strikes 
the  walls  where  it  is  largely  lost.  Again  brackets  are  especially 
hard  on  the  eyes  if  one  has  to  face  them,  and  it  is  difficult  to  place 
them  in  an  ordinary  living  room  in  a  satisfactory  manner. 

I  thoroughly  agree  with  Mr.  Lcvor  that  in  a  great  many  cases 
the  fixture  design  must  be  architecturally  correct  and  the  illumi- 
nation must  be  subordinated  to  the  artistic  requirements.  The 
trouble  is  that,  as  a  rule,  fhe  architectural  design  is  given  the 
only  consideration,  although  it  is  possible,  as  I  have  endeavored 
to  show  to-night,  to  obtain  in  many  cases  a  design  which  may 
l)e  thoroughly  in  keeping  with  the  room  in  which  it  is  placed, 
without  sacrificing  good  illumination. 

With  reference  to  the  point  brought  out  by  ]\Tr.  Ware,  almost 
■every  fixture  shown  in  to-night's  paper  could  be  adapted  for 
use  with  the  inverted  mantle  burner  with  but  slight  modifications. 
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At  a  meeting  of  the  Council  held  on  February  24,  Dr.  Louis 
Bell  stated  that  on  his  election  to  the  Presidency  of  the  society, 
the  office  of  the  Vice-President  representing  the  New  England 
Section  had  become  vacant,  and  that  Mr.  W.  D'A.  Ryan,  as  a 
senior  Director,  and  a  member  of  the  New  England  Section,  had 
succeeded  to  that  office.  A  motion  was  made,  and  duly  carried, 
that  the  election  of  a  Director  of  the  Society,  to  succeed  Mr. 
Ryan,  be  deferred  until  the  next  meeting  of  the  Council. 

Announcement  was  made  by  President  Bell  that  Dr.  A.  S. 
McAllister  had  accepted  the  appointment  to  the  Chairmanship  of 
the  Committee  on  Editing  and  Publication  for  1908,  succeeding 
Prof.  Wm.  Hand  Browne,  Jr. 

Upon  the  recommendation  of  the  President,  and  the  approval 
of  the  Council,  it  was  resolved  that  the  members  of  the  present 
standing  and  temporary  committees  be  reappointed  for  the  term 
of  1908. 

The  Chairman  of  the  Finance  Committee  presented  the  final 
report  of  the  Committee  for  the  fiscal  year  1907.  This  report  was 
accepted  by  the  Council.  A  committee  consisting  of  the  Treas- 
urer, Secretary,  and  Finance  Committee  of  the  Society  was  ap- 
pointed with  power  to  arrange  for  properly  closing  the  books  and 
accounts  for  the  year  1907  and  opening  them  for  the  year  1908. 
Bills  payable  were  reported  by  the  Finance  Committee,  and  a 
motion  was  carried  that,  when  duly  audited  by  the  Committee, 
these  bill  be  paid. 

It  was  stated  that  no  report  had  thus  far  been  received  from 
the  Committee  appointed  to  investigate  the  matter  of  the  discon- 
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tinuance  of  the  Pittsburg  Section.  It  was  decided  that  the  matter 
of  the  withdrawal  of  this  Section  be  taken  up  for  final  decision 
at  the  March  meeting  of  the  Council,  and  that  the  Committee 
appointed  to  consider  the  matter  be  so  advised. 

By  vote  of  the  Council,  the  following  forty-two  men,  whose 
applications  had  been  properly  endorsed  and  approved  by  the 
Board  of  Examiners,  were  declared  elected: 

Armstrong,  G.  W.,  Manager,  Chicago  Branch,  Excello  Arc  Lamp  Co.,  ii8 
West  Jackson  Boulevard,  Chicago. 

Barden,  Henry  C,  Chief  Electrician,  State  House,  Boston,  Mass. 

Bean,  J.  G.,  Meter  Tester,  Phila.  Elec.  Co.,  Philadelphia,  Pa. 

BixoN,  J.   G.,   Sales  Manager,  Cleveland  Gas  &  Elec.  Fixture  Co.,   Con- 

neaut,  O. 
BoYLE,  Francis  J.,  Inspector,  Lamps  &  Gas  Department,  N.  Y.  City. 
Cascaden,  a.  J.,  Assistant  Meter  Tester,  Phila.  Elec.  Co.,  Philadelphia,  Pa. 
Champion,  William  J.  Jr.,  Room  103,  19  Congress  St.,  Boston,  Mass. 
Clark,  Lyman,  General  Electric  Co.,  44  Broad  St.,  New  York. 

Collins,  William  R.,  Salesman,  New  York  &  Ohio  Co.,  134  W.  Jackson 
Boulevard,   Chicago,   111. 

Cordner,  A.  R.,  Meter  Tester,  Philadelphia  Electric  Co.,  Philadelphia,  Pa. 

CoRNOG,  Thos.  F.,  Jr.,  Solicitor  and  Clerk,  Beacon  Light  Co.,  515  Market 
St.,  Chester,  Pa. 

Degen,  G.  T.,  Meter  Tester,  Philadelphia  Elec.  Co.,  122  Arch  St.,  Phila- 
delphia, Pa. 

Donley,  W.  H.,  Meter  Tester,  Philadelphia  Elec.  Co.,  317-319  Arch  St., 
Philadelphia,  Pa. 

Dutton,  Lewis  R.,  President  and  Manager,  Jenkintown  &  Cheltenhom 
Gas   Co.,  Wyncote,  Pa. 

Duus,  H.  G.,  Meter  Tester,  Philadelphia  Elec.  Co.,  122  Arch  St.,  Phila- 
delphia, Pa. 

Forsythe,  Henry  J.,  Solicitor,  Philadelphia  Elec.  Co.,   Philadelphia,  Pa. 

Gassner,  George  S.,  Asst.  Meter  Tester,  Philadelphia  Elec.  Co.,  Phila- 
delphia, Pa. 

Gulley,  Jos.  P.,  Meter  Tester,  Philadelphia  Electric  Co.,  Philadelphia,  Pa. 

Hafleigh,  Horace  M.,  Manager  of  Show  Room,  Phila.  Elec.  Co.,  Phila- 
delphia, Pa. 

Haines,  E.  L.,  National  X-Ray  Reflector  Co.,  247  E.  Jackson  Boulevard, 
Chicago,  111. 

Hall.  J.  Morton,  Salesman  and  Illuminating  Engineer,  Nernst  Lamp  and 
Cooper  Hewitt  Companies,  1328  Caudler  Bldg.,  Atlanta,  Ga. 
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lIiNE,   W.   C   Treasurer   and   General   Manager,    Cleveland   Gas   &   ETlec. 
Fixture   Co.,    Conneaut,   Ohio. 

HoLTON,    Charles    C,    Meter    Tester,    Philadelphia    Elec.    Co.,    Philadel- 
phia, Pa. 

HoPTON,   Lemuel   R.,    Superintendent,   The   Enos    Company,   7th   Ave.    & 
i6th  St.,  New  York  City. 

Jones,  Allen  G.,  Commercial  Engineer,  General  Elec.  Co.,   Schenectady, 

N.  Y. 

Kimball,  Roger   N.,  Vice-President  and  General  Manager,  Kenosha  Gas 
&  Electric  Co.,  210  Wisconsin  St.,  Kenosha,  Wis. 

Levylier,    Henri    M.,    Electric    Consulting    Engineer,    ']'j2   Independencia, 
Buenos  Aires,  Argentine  Republic,  S.  A. 

Love,  E.  G.,  Chemist  and  Chief  Gas  Examiner,  122  Bowery,  New  York. 

LoYD,  Walter  Charles,  Post  Electrician,  Box  733,  Highland  Park,  111. 

Marsh,  George  E.,  Instructor  in  Electrical  Engineering,  Armour  Institute 
of  Technology,  Chicago,  111. 

IvIeier,   Frank  B.,  Assistant   Meter  Tester,   Philadelphia   Elec.   Company, 
Philadelphia,  Pa. 

Morris,  Thomas  R.,  General  Foreman,  Western  Avenue  Shops,  C.  M.  & 
St.  Paul  Railways,  Chicago,  111. 

Newman,  H.  R.,  Meter  Tester,  Philadelphia  Elec.  Co.,  Philadelphia,  Pa. 

Pearl,  Allen   S.,   Manager,   Specialty  Department,    Central    Electric   Co., 

Chicago,  111. 
Rawlings,  Thomas,  Solicitor,  Philadelphia  Elec.  Co.,  Philadelphia,  Pa. 
Riley,  H.  E.,  Solicitor,  Philadelphia  Elec.  Co.,  Philadelphia,  Pa. 

Schafer,  Charles  G.,  Meter  Tester,  Philadelphia  Elec.  Co.,  Philadelphia, 

Pa. 
Schuur,  Bernard  G.,  Branch  Sales  Manager  of  Company,  Cleveland  Gas 

&  Electric  Fixture  Co.,  Conneaut,  Ohio. 

SiLBERT,  R.   H.,  Meter  Tester,  Philadelphia  Elec.  Co.,  Philadelphia,  Pa. 

Simpson,  M.  V.,  Salesman,  Field  Manager,  Cleveland  Gas  &  Elec.  Fixture 
Co.,  Conneaut,  Ohio. 

SuMLEY,  Wilfrid,  Factory  Superintendent,  Cleveland  Gas  &  Electric  Fix- 
ture Co.,  Conneaut,  Ohio. 

WiLK,  W.  A.,  Branch  Sales  Manager,  Cleveland  Gas  &  Elec.  Fixture  Co., 
Conneaut,  Ohio. 

An  additional  application,  satisfactorily  endorsed,  but  not  yet  submit- 
ted for  the  consideration  of  the  Board  of  Examiners,  was  passed  upon  by 
the  Council  for  election,  subject  to  the  approval  of  the  Examining  Board. 

The  General  Secretary  was  directed  by  the  Council  to  re- 
vest the  Committee  on  Certificates  of  Membership  to  proceed  to 
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have  a  final  design  of  the  certificate  prepared,  and  to  have  cer- 
tificates printed  prior  to  the  March  meeting  of  the  Council. 

The  General  Secretary  was  instructed  by  the  Council  to 
send  out  a  second  notice  to  members  who  have  not  yet  paid  their 
1908  dues. 

PHILADELPHIA  SECTION. 

At  a  meeting  of  the  Section  held  on  January  17,  Mr.  F.  N. 
Morton  presented  a  paper  on  ''The  History  of  Photometric  Stand- 
ards." This  paper  together  with  the  discussion  following  its 
reading,  is  published  in  this  issue. 

The  February  meeting  of  the  Section  was  held  on  Friday 
the  2 1st,  at  which  time  there  were  present  59  members  and  19 
visitors.  The  Chairman  of  the  Committee  on  Membership,  Mr. 
J.  T.  Maxwell,  reported  that  19  new  applications  had  been  filed 
with  the  Secretary. 

Papers  were  read  by  Mr.  Robert  B.  Ely,  on  "Methods  of 
Illumination  with  Electric  Lamps ;"  Dr.  John  T.  Krall,  on  ''Eye- 
sight and  Artificial  Illumination ;"  and  by  G.  W.  Thomson,  on 
'-'Extension  of  Gas  Illumination."  The  papers  were  discussed  by 
Messrs.  Furber,  Bond,  Eglin,  Gartley,  Israel,  Whitaker  and 
Koockogey. 

NEW    ENGLAND    SECTION. 

A  paper  was  presented  by  Mr.  L.  W.  Marsh,  on  "Daylight 
Illumination"  at  a  meeting  of  the  Section  held  February  18.  Fol- 
lowing the  discussion  of  this  paper.  Dr.  A.  E.  Kennelly  explained 
a  method  for  obtaining  the  mean  spherical  candle-power  from  a 
polar  diagram  by  the  aid  of  only  a  pair  of  compasses  and  a  pro- 
tractor, without  using  a  planimeter. 

CHICAGO    SECTION. 

The  February  meeting  of  the  Section  held  on  Thursday,  the 
13th,  was  devoted  to  the  reading  and  discussing  of  Dr.  Seabrook's 
paper  on  "Effects  of  Light  Upon  the  Eye."  This  paper  is  printed 
elsewhere  in  this  issue. 
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Chairman  Cravath  announced  the  appointment  of  the  follow- 
ing Membership  Committee:  G.  C.  Keech  (Chairman),  C. 
Howe,  E.  L.  Haines,  A.  C.  Morrison,  J.  G.  Learned,  J.  Thomas 
and  A.  L.  Eustice. 

NEW   YORK    SECTION. 

On  Thursday,  February  13,  Mr.  George  Leland  Hunter  read 
before  the  Section  a  paper  entitled  "Light  and  Color  in  Decora- 
tion." The  paper  was  discussed  by  Messrs.  H.  F.  Huber,  E.  Y. 
Porter,  A.  J.  Marshall,  Dr.  H.  H.  Seabrook  and  President  Louis 
Bell.  The  Secretary  announced  that  at  the  March  meeting  Mr. 
E.  L.  Elliott  will  read  a  paper  on  "The  Relation  of  Architectural 
Principles  to  Illuminatmg  Engineering  Practice,  from  the  View- 
point of  an  Engineer,"  and  that  at  the  April  meeting  Dr.  E.  L. 
Nichols  will  present  a  paper  entitled  "Daylight  and  Artificial 
Light." 


Address  by  Retiring  President^  Dr.   C.  H.   Sharp,  at  the 
Annual  Meeting,  January  17. 


We  have  now  reached  the  end  of  the  second  year  of  the 
existence  of  the  Illuminating  Engineering  Society ;  and  at  the  re- 
quest of  the  Council,  the  retiring  president  is  following  the 
precedent  set  last  year  by  Mr.  Marks,  in  reviewing  to  you  briefly 
certain  aspects  of  the  Society's  affairs. 

The  first  year  of  the  Society  was  one  of  great  hopes  and  of 
still  greater  achievement.  During  that  year  the  Society  attained 
a  membership  of  815,  a  phenomenal  growth  indicative  of  the 
great  interest  which  is  taken  in  the  subject  of  illuminating  engi- 
neering. The  past  year  has  not  been,  as  was  to  be  expected,  so 
fruitful  in  the  point  of  view  of  increase  in  membership.  During 
the  year  1907,  310  members  were  elected  to  the  Society,  making 
a  total  of  1,125  who  have  been  elected.  Unfortunately,  it  has 
not  been  possible  to  retain  all  of  the  above  as  members.  During 
1907,  fifty-eight  resignations  have  been  received  and  accepted,. 
and  one  hundred  and  nineteen  members  have  been  removed  from 
the  roll  on  account  of  non-payment  of  dues.  Many  of  the  latter 
had  not,  however,  fully  qualified  as  members.  We  must  regret- 
fully remember  four  of  our  number  who  have  been  removed  from 
us  by  death :  Jos.  Michael  Mahoney,  of  Boston ;  J.  A.  Lewis,  of 
Brooklyn;  A.  S.  Mallory,  of  New  York,  and  W.  J.  Phelps,  of 
Detroit,  Michigan.  I  would  ask  you  all  to  rise  in  your  places, 
as  a  mark  of  respect  to  their  memories.  This  leaves  us  with  a 
membership  at  the  present  time  of  944,  a  figure  which  we  hope 
during  the  coming  year  to  see  largely  increased. 

The  most  notable  event  during  the  past  year  has  been  the 
adoption  and  inauguration  of  the  new  constitution  of  the  Society. 
The  framing  of  this  constitution  was  accomplished  through  the 
devoted  labors  of  a  committee  appointed  for  the  purpose,  whose 
efforts  in  its  behalf  the  Society  should  remember  with  gratitude. 
It  embodies  the  results  of  the  experience  of  older  societies,  to- 
gether with  a  feature  which  represents  a  novel  and  daring 
departure  on  the  part  of  an  engineering  society.  Engineering 
societies  in  this  country  are  for  the  most  part  modelled  after  the 
older  societies  in  England,  where  geographical  conditions  are 
very  different  from  those  which  obtain  in  this  country.     In  Eng- 
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land,  when  an  important  meeeting-  of  a  society  is  to  be  held  in 
London,  the  membership  assemble  from  other  English  cities  for 
the  purpose  of  attending,  the  comparatively  short  distances  which 
are  involved  making  it  possible  so  to  do. .  In  this  country,  the 
same  plan  has  not  operated  with  as  great  a  degree  of  success, 
since  the  distances  of  many  important  centers  from  New  York 
are  so  great  as  to  make  a  monthly  journey  to  this  city  imprac- 
ticable. During  the  first  year  of  our  existence  we  were  organ- 
ized on  this  plan ;  with  the  inauguration  of  the  new  constitution, 
however,  we  took  up  a  federal  form  of  organization,  which 
marked  a  radical  departure  from  the  older  arrangement.  Dur- 
ing the  year  1906,  the  Society  held  regular  monthly  meetings, 
president  over  by  its  President.  These  meetings  were  held  in  the 
City  of  New  York.  Certain  branch  meetings  necessarily  did 
not  have  the  same  prestige  as  the  regular  Society  meetings  held 
in  this  city.  Under  the  new  constitution,  this  was  changed; 
under  it  the  general  Society  holds  only  two  meetings  a  year,  one 
the  Annual  Convention,  which  is  for  the  purpose  of  reading 
papers,  and  the  other  the  Annual  Meeting,  the  occasion  which 
brings  us  together  this  evening. 

The  work  of  the  Society  during  the  year  is  carried  on 
entirely  by  the  Local  Sections.  These  are  to  a  large  extent  self- 
governing  organizations,  which  are  held  together  by  a  common 
bond,  the  Council  of  the  Society.  During  most  of  the  year,  the 
only  active  body  of  the  Society  at  large  has  been  the  Council 
and  its  committees.  By  it  the  regular  business  of  the  general 
Society  has  been  transacted.  Each  Section  has  its  own  officers 
and  Board  of  Managers,  to  conduct  its  affairs.  Evidently  a 
federal  union  of  this  kind,  if  the  bonds  of  federation  are  too  loose 
or  too  weak,  is  liable  to  fall  apart  and  to  come  to  destruction. 
It  is  necessary  in  an  organization  such  as  ours  that  there  should 
be  a  maximum  degree  of  co-operation  between  the  Council  and 
the  Sections,  and  between  the  Sections  themselves.  Working  at 
cross-purposes  or  mutual  misunderstandings  might  easily  be 
fatal.  The  constitution  provides  a  mechanism,  if  I  may  call  it 
such,  for  keeping  the  Council  and  the  Sections  in  close  touch 
with  each  other.  Such  mechanism  -is  arranged  for  by  the  pro- 
vision of  the  constitution  according  to  which  the  vice-presidents 
of  the  Society  are  equal  in  number  to  the  number  of  the  Local 
Sections,  and  are  selected  with  such  a  regard  for  the  geographical 
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location  that  as  far  as  possible  each  Section  shall  have  a  vice- 
president  of  the  Society  whom  it  can  call  its  own:  thus  the  vice- 
presidents  are  not  only  officers  of  the  Society  at  large  and  mem- 
bers of  the  Council,  but  they  are  also  local  representatives  in 
the  Council  of  the  •  Sections ;  and  in  the  Board  of  Managers  of 
the  Sections,  of  the  Council.  When  stated  in  this  way,  the 
arrangement  for  keeping  the  Council  in  touch  with  the  Sections, 
and  the  Sections  in  touch  with  the  Council,  seem  to  be  most 
admirable.  It  is,  however,  my  unpleasant  duty  to  say  that  this 
arrangement  has  not  in  practice,  fulfilled  the  expectations  which 
have  been  held  for  it.  The  same  limitations  arising  from  the 
distances  of  the  cities  where  local  Sections  are  organized  which 
would  prevent  the  individual  membership  from  attending  meet- 
ings in  Xew  York,  have  evidently  been  sufficient  to  prevent,  for 
the  most  part,  the  attendance  of  the  vice-president  upon  the 
meetings   of  the  Council. 

On  this  account,  the  system  which  the  constitution  provides 
has  verv  largely  broken  down,  and  there  has  not  been,  during 
the  year,  the  feeling  of  close  contact  between  the  Council  and 
the  Sections,  and  I  assume  between  the  Sections  and  the  Council, 
which  is  not  only  desirable,  but  necessary  in  order  to  the  success 
of  the  Society  as  it  is  at  present  organized.  I  am  tempted  to 
dwell  at  some  length  on  this  point,  because  the  importance  of 
this  matter  does  not  seem  to  have  been  appreciated  as  yet  by 
many  of  those  who  should  be  most  interested.  Without  the 
intimate  contact  with  the  afifairs  and  opinions  of  the  Sections 
which  the  presence  of  the  vice-presidents  at  its  meetings  should 
secure,  the  Council  is  working  to  a  considerable  extent  in  the 
dark.  The  Sections  have  a  right  to  demand  of  the  Council  a 
consideration  of  their  opinions  and  desires,  and  the  use  of  its 
best  abilities  in  administering  the  affairs  of  the  Society.  The 
Council  has,  on  the  other  hand,  a  right  to  expect  such  assistance 
in  its  work  and  administration  as  the  Sections  are  able  to  give ; 
without  this  assistance,  its  actions  may  well  be  faulty  or  unwise. 

Under  the  constitution,  the  responsibility  for  such  contact 
and  co-o])eration  rests  largely  with  the  vice-presidents,  who 
should  sec  that  the  needs  of  the  Society  in  this  important  respect 
are  fully  provided  for.  In  case  it  is  not  possible  for  a  vice-pres- 
ident to  attend  each  meeting  of  the  Council,  he  should  com- 
municate with  the  Council  in  regard  to  such  matters  as  ought  to 
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"be  brought  to  its  attention.  In  this  way  it  is  possible  for  the 
vice-presidents  to  keep  themselves  in  touch  with  the  affairs  of 
the  Society  at  large  that  they  are  able  to  present  to  the  Sections 
which  they  represent  the  broader  views  of  the  affairs  of  the 
Society  which  the  Council  must  always  take. 

I  think  we  should  turn  our  attention  also  for  a  moment  to 
one  other  condition  which  our  federal  organization  as  it  has 
operated  during  the  past  year,  imposes  upon  us,  and  that  is  that  the 
Transactions  are  dependent  upon  the  activities  of  the  local  Sec- 
tions for  the  supply  of  papers,  and  that  the  Sections  are  to  a 
considerable  extent  mutually  dependent  upon  each  other  in  this 
regard.  How  well  nearly  all  of  the  Sections  have  met  their 
responsibility  in  this  particular,  is  evinced  by  the  large  amount 
•of  most  important  matter  contained  in  the  papers  and  discussions 
which  the  Transactions  for  the  past  year  contain. 

In  the  foregoing  I  have  endeavored  to  point  out  some  of 
the  responsibilities  and  of  the  dangers  which  are  the  necessary 
accompaniment  of  an  organization  which  sub-divides  the  Society 
into  local  branches  and  then  leaves  to  these  branches  a  maximum 
amount  of  freedom  of  action.  All  of  us,  I  believe,  as  members 
of  local  Sections,  are  pleased  with  the  liberty  which  is  given  to 
Its  under  the  constitution.  Do  we  think  of  our  duties  and  re- 
sponsibilities as  often  as  we  think  of  our  privileges  or  of  our 
grievances,  if  we  have  any? 

Another  important  event  of  the  past  year  was  the  first  Annual 
Convention  of  the  Society.  Those  who  attended  this  convention 
were  unanimous  in  the  opinion,  first  that  the  Society  was  for- 
tunate in  enjoying  the  hospitality  of  the  Boston  Section  for  that 
event,  and  second  that  the  success  which  attended  the  Conven- 
tion, not  only  on  account  of  its  social  features,  but  also  on  ac- 
count of  the  large  number  and  the  high  order  of  the  papers 
which  were  presented  to  it,  was  a  most  excellent  augury  for  the 
permanent  prosperity  and  usefulness  of  this  Society.  There 
were  present  on  that  occasion  202  members  and  guests,  while  19 
papers  presented  there  appeared  in  the  Convention  Number  of 
the  Transactions.  It  is  interesting  to  note  in  this  connection  that 
the  number  of  papers  and  topical  discussions  before  all  the  local 
Sections  during  the  year  was  53. 

The  work  of  the  year  which  is  past  has  thus  been  fruitful  in 
problcTiis  to  be  solved  in  responsibilities  to  be  met,  and  in  oppor- 
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tunities  to  be  grasped.  I  wish  to  express  my  deep  sense  of 
indebtedness  to  my  colleagues  of  the  Council  and  to  members 
of  Committees  for  their  loyal  and  disinterested  assistance  in  con- 
nection with  the  administration  of  the  affairs  of  the  Society; 
and  now  that  the  time  has  come  for  me  to  transfer  the  office 
with  its  duties  and  its  dignities  to  other  hands  more  capable,  I 
hope,  of  administering  it  wisely  than  I  have  been,  I  wish  to 
extend  to  the  incoming  officers  my  heartiest  congratulations  and 
best  wishes  for  a  harmonious  and  successful  administration. 


THE   HISTORY  OF  PHOTOMETRIC    STANDARDS. 


By  F.  N.  Morton,  Member. 


We  have  already  passed  the  second  centennial  in  the  history 
of  photometry.  In  1700,  Francois  Marie  estimated  the  intensity 
of  light  by  placing  pieces  of  glass  behind  each  other  and  then 
counting  the  number  required  to  produce  total  obscuration.  The 
first  mention  of  what  we  would  call  a  standard,  however,  was  by 
Bouguer,  who,  60  years  later,  said  that  the  simplest  way  of  speci- 
fying the  intensity  of  light  was  to  find  out  the  number  of  candles 
necessary  to  give  the  same  light.  He  did  not  specify  any  par- 
ticular candle,  however.  In  1800  the  Carcel  lamp,  the  present 
French  standard,  was  brought  out,  and  from  about  1850  to  the 
present  time,  many  different  plans  were  tried,  found  wanting,  and 
(mostly)  abandoned.  Although  some  of  the  brightest  minds  in 
the  scientific  world  have  been  working  on  the  subject,  we  must 
admit  that  we  have  not  as  yet  anything  which  can  be  called  an 
absolute  standard.  The  candle,  which  is  as  near  an  absolute 
standard  as  we  have,  gives  concordant  results  only  through  aver- 
aging a  large  number  of  observations.  For  scientific  work,  this 
is  too  much  like  the  old  English  law  defining  the  method  of  ob- 
taining a  legal  measure  of  length,  which  was  to  take  the  first 
score  of  men  coming  out  of  church,  make  them  stand  toe  of 
one  to  heel  of  the  next  in  front,  and  take  one-twentieth  of  the 
distance  from  the  heel  of  the  last  to  the  toe  of  the  first  and  call 
it  a  foot.  There  is  a  ludicrous  resemblance  which  will  appeal 
to  those  who  have  had  to  use  candles  extensively. 

CANDLES. 

Tallow.  Murdock  seems  to  have  been  the  first  to  discover 
that  there  was  any  difference  in  candles,  for,  in  1808,  he  speci- 
fied tallow  candles  weighing  six  to  the  pound  and  burning  at  the 
rate  of  175  grains  per  hour.  A  few  years  later.  Lord  Stanhope 
proposed  that  the  wicks  should  be  waxed  before  being  coated  with 
tallow. 

Wax.  The  wax  candle  was  used  by  Ritchie  in  1824,  and 
was  recommended  by  W.  King,  engineer  to  the  Liverpool  Gas 

'  Eead  before  the  Philadelphia  Section,  .Tannary  17. 
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Company.  In  1849  it  was  made  a  legal  standard  by  Parliament 
which,  in  that  year,  included  in  the  Great  Central  Gas  Company's 
Act,  in  pursuance  of  the  recommendations  of  Dr.  Leeson  and 
Mr.  Cooper,  a  clause  providing-  that  the  illuminating  power  of 
the  gas  supplied  by  that  company  was  to  be  not  less  than  the 
light  produced  by  12  wax  candles,  six  to  the  pound,  each  con- 
suming 120  grains  of  wax  per  hour.  Dr.  Letheby,  whose  duty  it 
was,  as  chemist  to  the  City  of  London,  to  test  the  quality  of  the 
gas.  reported  that  the  candles  burned  irregularly,  could  not  snuff 
themselves,  and  that  there  was  difficulty  in  knowing  when  they 
were  burning  properly.  These  candles  were  superseded  in  Eng- 
land by  the  sperm  candles  in  i860  by  Act  of  Parliament. 

Stcarinc.  There  are  two  forHiS  of  stearine  candle,  one,  the 
French  "bougie  de  I'etoile,"  or  star  candle,  and  the  other  the 
Munich  candle. 

The  former,  which  attained  but  limited  employment  and  which 
went  out  of  use  in  i860,  was  tested  by  Peclet  in  1830,  and  found 
to  give  a  light  equal  to  0.143  carcel.  Later  tests  by  Monnier  gave 
0.136  carcel  when  five  candles  came  in  a  package,  and  0.131  and 
0.132  carcel  with  a  10  grammes  per  hour  consumption  and  a  flame 
height  of  52.2  mm.,  respectively,  with  six  candles  to  the  package. 
According  to  Monnier,  the  candle  required  not  only  a  consump- 
tion of  10  grammes  per  hour,  Ibut  a  flame  height  of  52.4  mm. 
The  London  Journal  of  Gas  Lighting  in  1859,  speaking  editorially 
of  this  standard,  said :  "For  uniformity  and  steadiness  of  light, 
the  stearine  candle  sold  in  France  under  the  name  of  'Bougie 
de  TEtoile'  far  surpasses  the  ordinary  sperm  candle."  At  Melun, 
the  street  lighting  contract  called  for  a  certain  illuminating  power 
of  the  gas  in  terms  of  this  unit.  The  municipal  tester,  to  avoid 
the  fluctuations  of  the  candles,  applied  to  the  Mayor  for  permis- 
sion to  use  the  carcel  lamp.  In  testing  to  determine  the  ratio,  lie 
found  it  to  be  0.131. 

The  Munich  candle  conforms  to  the  type  of  candle  specified 
in  the  contract  between  the  city  and  the  gas  company,  and  out- 
side of  that  place,  was  never  used  as  far  as  I  am  able  to  learn. 

Paraffin.  The  use  of  wax  candles  by  Lewis  Thompson  in 
a  letter  to  the  London  Journal  of  Gas  Lighting,  published  in  the 
i^umber  of  Oct.  iith,  1852.  In  this  letter  he  says  that  paraffin  is 
superior  to  spermaceti  and  wax.  and  announces  that  Messrs.  Field 
.'ire    about    to    commence    the    manufacture    of    paraffin    candles 
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possessing  a  photometrical  value  equal  to  120  grains  per  hour 
of  the  best  sperm.  He  also  adds  that  paraffin  has  the  advantage 
of  being  easily  tested  as  to  purity,  and  its  composition  is  easily 
fixed  and  determined  all  the  world  over,  while  that  of  sperm 
varies  with  the  age  and  health  of  the  animal,  and  according  to 
whether  it  comes  from  the  head  or  body.  There  is  no  record  at 
hand,  however,  to  show  that  paraffin  candles  were  used  to  any 
extent  in  England, 

In  Germany,  however,  the  paraffin  candle  was  a  recognized 
standard,  being  adopted  in  1872  upon  recommendations  of  the 
German  Gas  Association.  The  candle  had  a  uniform  diameter  of 
20  mm.  and  weighed  1-12  kilogramme.  The  wick  was  composed 
of  24  cotton  threads,  one  of  which  was  to  be  red  as  a  distinguish- 
ing mark,  and  was  to  weigh,  dry,  0.668  grammes  to  the  metre. 
The  paraffin  of  which  it  was  made,  solidified  at  55°  C. 

In  the  earliest  recommendations  it  was  directed  that  the 
candle  be  allowed  to  burn  freely,  and  when  the  flame  had  reached 
the  height  of  50  mm.,  observations  were  to  be  taken.  Later, 
however,  the  recommendation  was  made  that  the  wick  be  snuffed 
to  insure  reaching  the  standard  height  more  quickly. 

Lummer  and  Brodhun  found  great  difficulty  in  seeing  the 
exact  termination  of  the  base  of  the  flame,  and  were  also  troubled 
by  the  top  of  the  flame  splitting  into  three  parts,  and  also  by  the 
flame  smoking  when  it  was  near  the  normal  height.  Their  meas- 
urements show,  moreover,  that  the  relation  between  the  flame 
height  and  the  intensity  is  not  a  fixed  one,  because,  at  one  time, 
when  the  flame  remained  at  50  mm.  for  some  minutes,  the  read- 
ings ran  from  0.412  to  0.430. 

Sperm.  This  is  the  immediate  successor  in  England  of  the 
wax  candle.  It  was  first  used  by  the  Great  Central  Gas  Com- 
pany in  1852  as  a  substitute  for  wax.  Two  were  used  instead 
of  one  as  formerly,  and  later  a  long  candle  was  employed,  cut  in 
two,  and  each  half  burned  from  the  middle  to  the  end.  Its  gen- 
eral substitution  for  wax  was  agitated  in  1856,  but  was  not  legal- 
ized until  the  Metropolis  Gas  Act  was  passed  in  i860,  which  con- 
tained a  clause  specifying  the  illuminating  value  of  the  gas  in 
''sperm  candles  of  six  to  the  pound,  each  burning  120  grains 
per  hour."  Here  a  wail  arose  from  the  gas  companies,  as  the 
sperm  candles  gave  more  light  than  the  old  wax  in  the  proportion 
of  12  to  9^,  or  of  16  to  14,  according  to  the  various  authori- 
ties. 
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It  was  soon  found  that  the  sperm  candles  were  very  much 
open  to  objection,  and  they  hardly  came  into  use  before  they 
were  made  the  sulbject  of  attack.  In  1864.  Drs.  Letheby  and 
Odling  reported  wide  variations,  and  similar  statements  came 
from  Kirkham  and  Sugg,  and  others.  Capt.  Webber  and  Mr. 
Rowden  at  the  Paris  Exposition  of  1867  said  that  the  light  emitted 
was  very  irregular,  even  with  a  uniform  consumption ;  it  was 
affected  by  drafts,  and  by  manipulating  the  wick  a  variation  of 
TO  per  cent,  in  the  illuminating  power  might  be  obtained  even 
after  correcting  for  variation  in  the  consumption.  Even  if  one 
experimenter  got  constant  results,  his  values  would  not  be  those 
of  another.  Moreover,  the  intensity  was  too  small,  because,  for 
accuracy  in  reading,  the  lights  to  be  compared  should  be  as  nearly 
equal  as  possible.  Henry  Gore  also  found  a  variation  of  10  per 
cent,  in  candles. 

It  is  needless  to  quote  more  opinions  in  regard  to  the  ec- 
centricities of  candles.  Every  effort  was  made  by  the  authorities 
to  obtain  one  that  would  be  reliable,  and  specifications  were  ex- 
tended and  multiplied,  and  rules  for  manufacture  were  made  more 
definite,  but  a  satisfactory  product  was  not  forthcoming.  There 
is  a  possibility,  however,  that  the  fault  lies  with  the  makers  to 
a  greater  or  less  extent.  It  is  axiomatic  that  any  standard  must 
be  made  strictly  according  to  the  established  rule.  At  present 
the  specifications  are  most  exact.  Dr.  E.  G.  Love,  City  Gas 
Examiner  of  New  York,  in  a  spirit  of  investigation  most  repre- 
hensible from  the  manufacturers'  view,  compared  the  standard 
candles  received  by  him  with  the  specifications.  This  is  what  he 
found : — 

The  specifications  called  for  a  wick  composed  of  three  strands 
each  of  18  threads.  There  were  three  strands,  but  the  number  of 
threads  varied  all  the  way  from  18  to  24.  There  should  be  from 
32  to  34  plaits  in  4  inches  of  wick  when  extended  by  a  pull  just 
enough  to  straighten  it  out.  The  plaits  really  ran  from  27  to  35. 
The  wick,  after  steeping  and  drying,  should  weigh  not  less  than 
6  nor  more  than  6j^  grains  for  each  12  inches.  The  weight  ran 
from  6.68  to  8.84  grains.  The  weight  of  the  ash  from  10  wicks 
after  treatment  with  water,  should  be  0.025  grains.  It  ran  from 
0.041  to  0.103  grains.  The  spermaceti  should  have  a  melting 
point  of  from  112°  to  115°  F.,  and  that  of  the  finished  material 
in  the  candle  would  be  slightly  raised  by  the  from  3  to  4.5  per 
cent,   of  beeswax   added  to  prevent  crystallization.     Instead  of 
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this,  the  melting-  point  was  actually  between  108.7°  ^^^^  111.5°. 
If  a  40  grain  brass  weight  is  attached  to  the  wick  and  the  candle 
floated  in  water  at  60°  F.  taper  end  down,  it  should  float  with  a 
two-grain  weight  placed  on  top,  and  sink  with  a  four-grain 
weight.  And  as  a  matter  of  fact,  some  candles  sunk  without  any 
weight  at  all,  and  others  did  not  sink  until  12  grains  were  added. 

Not  a  single  requirement  was  complied  with.  The  candles 
could  not  be  expected  to  give  uniform  results  under  the  circum- 
stances. Mr.  Walter  Grafton  made  a  very  exhaustive  set  of 
experiments  on  the  reliability  of  candles,  and  laid  special  emphasis 
on  the  necessity  of  adhering  strictly  to  specifications.  His  paper, 
which  is  really  a  defense  of  candles,  said  that  the  Referees'  in- 
structions should  include  a  diagram  of  the  candle,  showing  the 
exact  curvature  the  wick  should  assume  while  burning,  as  this 
has  a  marked  effect  upon  the  light  emitted.  As  a  result  of  care 
m  manipulation,  the  average  error  over  the  series  was  0.002  per 
cent. 

I  am  not  defending  the  candle.  I  have  passed  too  many 
hours  with  it  and  been  too  closely  associated  with  it  ever  to  want 
to  see  another.  It  has  been  painted  in  pretty  black  colors,  how- 
ever, and  I  Ibelieve  that  it  is  only  fair  to  give  to  it  whatever 
commendation  there  is,  for  that  Is  little  enough. 

CARCEL    LAMP. 

This  is  the  oldest  photomctrical  standard  in  use  today,  and 
was  invented  by  Carcel  about  1798  or  1800.  It  consists  (Fig. 
I )  of  an  argand  burner  with  a  wick  and  chimney,  the  oil  for 
consumption  being  forced  by  pumps,  shown  in  chamber  A, 
through  the  central  pipe  to  the  burner  above.  These  pumps  are 
operated  by  clockwork  contained  in  the  base.  There  are  three 
of  these  pumps,  as  shown  in  the  small  cut,  emptying  into  a 
common  space.  An  overflow  of  the  surplus  oil  is  always  main- 
tained, so  that  the  wick  draws  its  supply  from  a  constant  head, 
msuring  uniform  conditions.  Colza,  or  rape-seed,  oil  is  used. 
Dumas  and  Regnault,  who  made  exhaustive  tests  of  the  lamp, 
found  that  with  a  consumption  of  42  grammes  of  oil  an  hour, 
there  was  least  variation  in  illuminating  power  for  a  given  varia- 
tion in  the  oil  consumed.  The  lamp  is,  therefore,  operated  to 
burn  that  amount  of  oil,  regardless  of  the  height  of  the  flame. 

The  wick  seems  to  be  the  delicate  part  of  the  lamp.  The 
rules  for  the  official  testing  of  the  gas  of  the  city  of  Paris,  and 
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which  were  drawn  up  by  Dumas  and  Regnault,  direct  that  a 
tjew  wick  be  used  for  each  test.  The  wicks  should  be  stored  in 
a  dry  place,  and  preferably  in  the  presence  of  an  absorbent  of 
moisture. 

In  regard  to  the  value  of  the  lamp  as  a  standard,  authorities 
differ.  Dumas  and  Regnault  found  it  satisfactory,  while  Crova 
says: — "I  do  not  hesitate  to  affirm  that  the  French  standard  is,. 
if  not  free  from  all  reproach,  at  least  one  of  the  Ibest  known ;  but 
it  must  be  remembered  that  photometric  determinations  are  very 
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Fig.  I — Carcel  Lamp. 


delicate  and  demand  a  very  careful  observer.  The  illustrious 
Fresnel  would  not  allow  anyone  else  to  prepare  his  Carcel  lamp 
for  him.  He  regulated  it,  and  he  himself  cut  the  wick  with  the 
greatest  care.  Under  these  conditions,  it  is  possible  to  reach  an 
approximation  of  i  in  60,  or  we  may  reach  that  of  i  in  100."^ 
He  also  says  that  it  is  true  that  others,  unquestionably  expert  in 
photometry,  have,  through  failure  to  conform  rigorously  to  the 
rales,  found  the  lamp  defective. 
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Capt.  Webber  and  Mr.  Rowden,  at  the  Paris  Exhibition  m 
T867,  reported  favorably  on  the  lamp,  saying  that  it  was  but 
little  affected  by  drafts,  that  the  wick,  being  entirely  below  the 
liame,  could  not  influence  the  light,  and  that  both  the  wick  and 
oil  were  readily  tested  by  the  operator.  Inasmuch  as  the  wick 
is  actually  consumed  to  such  an  extent  that  it  is  necessary  to  use 
a  fresh  one  for  each  test,  there  seems  to  be  somewhat  of  a  dis- 
crepancy here. 

On  the  other  hand,  Hartley  said  that  this  was  a  worse  stand- 
ard than  the  candle;  the  Dutch  Gas  Association  reported  varia- 
tions in  comparative  tests  as  high  as  3.89  per  cent.,  and  said 
that  it  was  so  inferior  that  it  could  not  be  adopted  as  a  standard, 
while  the  Electrical  Congress  in  Paris,  in  1881,  declared  against 
it. 

Peclet,  who  was  one  of  the  first  to  take  up  the  Carcel  as  a 
standard,  found  a  steady  increase  in  illuminating  value  through 
four  hours  of  constant  burning,  amounting  at  the  end  of  the 
period,  to  17  per  cent.  After  this  it  remained  constant  for  three 
hours.  Emile  Durand  says  that  the  lamp  should  always  !be  tested 
with  a  stearine  candle  before  using.  Dibdin,  in  1888,  found  a 
mean  deviation  of  1.34  per  cent.,  the  maximum  being  4.1  per 
cent.  In  spite  of  the  objections  to  this  lamp,  it  has  remained 
the  accepted  standard  in  France,  and  is  the  official  standard  for 
testing  the  gas  in  Paris. 

KEATES    SPERM    OIL    STi*  NDARD. 

Keates,  consulting  chemist  for  the  city  of  London,  objected 
to  the  Carcel  lamp  because  the  chimney  had  no  fixed  position, 
and  a  slight  difference  in  placing  it  affected  greatly  the  light 
tmitted.  He  also  criticised  the  method  of  supplying  oil  to  the 
wick.  In  1869,  therefore,  he  brought  out  a  modification  of  the 
Carcel  lamp  (Fig.  2)  in  which  the  height  of  the  chimney  is  fixed, 
and  in  which  the  oil  difficulty  was  overcome  by  making  a  row  of 
holes  half  an  inch  below  the  upper  edge  of  the  wick  holder  so 
that  the  oil  was  raised  a  constant  distance  by  capillarity.  The 
lamp  was  also  modified  by  having  a  metallic  cone  to  direct  the 
air  against  the  wick,  thus  insuring  steadiness  of  flame.  It  was 
used  in  a  balance,  like  candles  and  the  carcel. 

Keates  said  that  a  worse  material  than  colza  oil  could  not 
have  been  proposed.  He,  therefore,  used  sperm.  The  lamp,  in 
its  early  form  gave  10  candles,  but  later  was  made  to  give  16. 
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In  1881,  Dibdin  tested  the  lamp  over  a  period  of  6  weeks, 
reported  that  71  per  cent,  of  his  observations  fell  within  i  per 
cent,  of  the  mean,  and  all  within  half  a  candle.  The  Board  of 
Trade  Committee  on  Photometric  Standards  gave  it  a  high  rating 
for  steadiness  during  tests,  but  rejected  it  as  a  standard  because 
of  sudden  variation  in  intensity  due  to  failure  of  the  wick. 

In  1887,  however,  Dibdin  made  another  report,  in  which  he 
said  that  the  lamp  could  not  be  relighted  without  adjustment  or 
renewal  of  the  wick,  introducing  discrepancies ;  and,  furthermore, 
various  operators  found  it  difficult  to  obtain  flames  to  uniform 
character.     He  said  'The  lamp  has  failed  in  practice     .     .     .     . 


Fig.  2 — Keates'  Standard. 

not  so  much  from  any  inherent  defect  as  from  the  severe  trial  it 
makes     ....     upon  the  patience  of  the  observer." 
This  standard  has  never  passed  the  laboratory  stage. 

VIOLLe's    melted    PLATINUM. 

At  the  Paris  Exhibition  in  1881,  Violle  proposed  as  a  stand- 
ard the  radiations  of  a  square  centimetre  of  melted  platinum. 
He  then  undertook  a  series  of  experiments  on  silver.  By  means 
of  a  thermopile,  he  measured  the  radiations  through  a  quartz 
diaphragm  carried  in  a  hollow,  water-cooled  screen,  and  found 
that  from  the  time  the  edges  began  to  harden,  the  radiation  was 
very  constant.  When  the  centre  of  the  pool  began  to  harden, 
there  was  a  slight  increase,  followed  by  a  decrease  as  the  metal 
solidified.     In  actual  practice,  the  time  of  taking  the  observation 
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is  the  moment  of  solidification  of  the  platinum.  This  is  indi- 
cated very  exactly  by  a  characteristic  flash  which  is  produced 
regularly  and  surely  when  a  mass  of  platinum  of  not  less  than 
one  kilogramme  is  used.  One  reading  having  been  made,  it  is 
necessary  to  fuse  the  platinum  again  for  a  new  observation.  It 
is  said  that  it  is  necessary  to  have  the  platinum  absolutely  pure, 
as  any  foreign  material  will  not  only  change  the  melting  point, 
but  will  cause  a  scum  on  the  surface  of  the  metal. 

One  form  of  the  apparatus  is  shown  in  Fig.  3.  This  con- 
sists of  a  lime  crucible  C,  containing  the  platinum,  heated  by  the 
oxyhydrogen  furnace.     When  the  platinum  is  melted  it  is  run 


Fig.  3— Violle's  Standard. 


by  the  crank  M  under  the  water-cooled  diaphragm  D,  the  light 
being  reflected  to  the  photometer  bar  by  the  mirror  M. 

Aside  from  the  practical  difficulty  of  using  such  a  standard 
in  everyday  work,  there  seems  to  have  been  as  much  squabbling 
over  this  standard  as  over  any  other.  The  system  was  recom- 
mended by  a  Congress  of  Electricians  held  in  Paris,  and  rejected 
in  1881  by  another,  while  the  British  Association  Committee  on 
Standards  of  Light  in  1888  stated  that  it  was  not  a  practical 
standard.  Dr.  Lummer  says  that  where  the  platinum  is  melted 
by  blow-pipe  flame,  it  must  be  rejected  as  a  standard  of  light, 
and  when  by  an  electric  current,  there  are  variations  of  from 
10  to  12  per  cent.     Von  Hefner- Alteneck  pointed  out  that  the 
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Uin])eratiirc  t)f  solidification  is  not  a  definite  point  for  any  liquid^^ 
and  that  the  li^s^ht  alters  greatly  with  slight  changes  of  tempera- 
ture. 

Tn  use.  the  platinum,  in  quantity  of  not  less  than  one  kilo- 
gramme, is  put  into  a  lime  crucible  and  brought  under  the  oxyhy- 
drogen  furnace.  When  it  'is  melted,  it  is  run  under  the  per- 
forated, water-cooled,  diaphragm  by  a  crank  connected  with  a 
rack  and  pinion.  The  light  passing  through  the  aperture  is  re- 
flected by  a  mirror  to  the  photometer  disk. 

This  still  seems  to  be  accepted  as  a  standard,  although  its 
use  must  of  necessity  be  very  limited. 

SIEMENS   PLATINUM    STANDARDS. 

To  avoid  the  error  in  the  VioUe  standard  due  to  variation 
in  the  fusion  temperature,  Siemens  proposed  to  use  platinum  foil' 
a^  the  melting  point.  He  employed  a  narrow  strip  of  platinum 
foil,  and  heated  it  to  fusion  by  an  electric  current ;  keeping  the 
photometer  disk  in  balance  as  this  point  was  approached  until 
the  light  failed.  The  last  setting  was  taken  as  the  basis  for 
calculating  the  intensity  of  the  light. 

The  usual  disagreements  arose  over  this  standard.  Lieben- 
t'nal  obtained  very  good  results  with  it,  finding  an  average  devia- 
tion between  it  and  the  amyl-acetate  lamp  to  be  about  2.9  per 
cent.,  while  other  experiments  gave  0.9  per  cent,  means  deviation. 
Liebenthal  says  these  differences  do  not  result  from  variations 
in  the  molecular  structure  in  the  platinum,  but  from  the  difference 
in  color,  the  platinum  giving  a  much  whiter  light  than  the  other. 
Lummer  and  Kurlbaum,  on  the  other  hand,  found  by  hundreds  of 
experiments  a  deviation  of  10  per  cent,  or  ijiore  from  the  normal. 
It  must  be  remembered,  nevertheless,  that,  however  accurate- 
this  standard  may  be,  it  has  the  serious  defects  of  necessitating 
catching  the  observations  on  the  fly,  and  of  admitting  only  one 
reading  at  a  time. 

REICHSANSTALT    HOT    PLATINUM. 

The  Reichsanstalt  suggested  using  as  a  standard  one  square 
cm.  of  a  strip  of  platinum  heated  by  an  eliectric  current  to  a  tem- 
perature defined  by  the  ratio  between  the  total  radiation  and 
that  through  a  layer  of  water  2  cm.  through,  enclosed  in  a  quartz- 
vessel  with  parallel  sides  i  mm.  thick.  The  relative  radiations 
were  measured  by  a  bolometer.     The  strip  of  platinum   is   sur- 
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rounded  by  a  circulating  water  jacket.  The  surface  of  the  plati- 
num, which  volatilizes  in  use,  becomes  as  smooth  as  a  mirror, 
and  gives,  according  to  the  tests,  errors  not  to  exceed  0.5  per 
<:ent. 

A  modification  of  this  method  was  proposed  by  J.  E.  Petavel. 
He  found  that  radiation  through  black  fluorspar  varied  inversely 
as  the  temperature,  while  all  other  substances  experimented  upon 
varied  directly.  The  curves  of  temperature  and  radiation  of 
black  fluorspar  and  some  other  substance,  glass  being  selected, 
must  cross  at  some  given  point,  which  was  to  be  the  temperature 
at  which  to  maintain  the  platinum.  The  standard,  therefore,  con- 
sisted of  a  strip  of  platinum  raised  to  incandescence  by  an  elec- 
tric current.  The  platinum  strip  was  placed  behind  a  water- 
cooled  screen  containing  three  openings — the  central  one  pointing 
to  the  photometer,  and  each  of  the  other  two  towards  a  thermo- 
pile connected  in  opposition  to  a  galvanomet'.^r,  screens  of  glass 
and  black  fluorspar  of  given  thickness  being  interposed  respect- 
ively. If  the  radiations  are  equal,  the  galvanometer  will  stand 
at  zero,  and  the  platinum  must  be  at  the  standard  temperature. 

Petavel  came  to  the  conclusion  that  only  three  substances 
are  valuable  as  radiators:  Platinum,  platinum-iridium  (25% 
iridium)    and  iridium. 

I  have  no  record  of  either  of  these  standards  appearing  out- 
side of  the  laboratory  in  which  they  had  their  birth. 

crova's  melted  zinc. 

As  a  modification  of  the  melted  platinum  standard  in  1880 
Crova  suggested  using  as  a  standard  the  light  given  out  by  a 
sq.  cm.  of  the  black  surface  of  an  iron  vessel  in  which  zinc  was 
boiling.  Here  the  constancy  of  temperature  may  be  maintained, 
but  nothing  seems  to  have  come  of  the  suggestion. 

ELECTRIC    ARC. 

In  1892,  the  adoption  of  a  portion  of  the  electric  arc  was 
independently  suggested  by  Jas.  Swinburne  and  Dr.  Silvanus 
P.  Thompson.  It  is  stated  that  it  the  carbon  forming  the  arc 
is  pure,  the  light  of  the  crater  surface  is  uniform,  except  at  the 
edges,  which  are  duller.  The  temperature,  which  is  as  definite 
as  that  of  boiling  water,  is  taken  by  Dr.  Thompson  as  3,500° 
<  "ent.,  and  increase  of  current  or  voltage,  or  change  in  the  length 
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of  the  arc  has  no  effect  on  either  the  temperature  or  the  light 
emission.  Dr.  Thompson  found,  however,  that  an  error  might  be 
introduced  by  the  thickness  of  the  diaphragm  and  its  obHquitv, 
and  also  found  that  natural  graphites  always  give  less  light  than 
artificially  prepared  carbon.  The  illuminating  power  of  a  sq. 
cm.  of  hard  carbon  has  been  found  by  Trotter  to  be  somewhat 
less  than  70  candles. 

Violle  believed  that  the  electric  arc  formed  the  seat  of  a 
perfectly  defined  physical  phenomenon,  the  boiling  point  of  caribon 
being  constant.  Trotter,  who  attempted  to  use  it  for  a  standard, 
found  that  the  effective  luminosity  is  neither  consant  nor  uniform, 
and  the  use  of  rotating  sectors  showed  that  the  bright  spot  in  the 
crater  seemed  to  be  always  revolving.  All  attempts  to  prevent 
this  phenomenon,  such  as  enclosing  the  arc  in  a  small  chamber 
of  transparent  mica,  use  of  magnets  and  an  air  blast,  were  witii- 
out  effect. 

Another  attempt  to  use  the  electric  arc  was  made  by  Blondel. 
who  gave  to  the  crater  surface  an  obliquity  of  from  40°  to- 
60°  from  the  vertical  by  inclining  the  carbons.  He  used  a  water- 
cooled  screen  pierced  with  openings  of  different  sizes,  any  one 
of  which  might  be  brought  before  the  arc  by  rotating.  To  make 
sure  that  the  light  was  coming  from  the  region  of  maximum 
brightness,  a  small  lens  was  dropped  temporarily  in  front  of  the 
opening,  and  an  image  of  the  carbon  points  was  projected  upon 
a  screen  placed  at  right  angles  to  the  photometer  bar.  Blondel 
has  determined  the  intrinsic  brightness  from  this  source  to  be 
158  candles,  the  extremes  being  150  and  163. 

It  is  of  paramount  importance  for  the  carbons  to  be  of  pure 
graphite,  as  any  impurity  alters  very  materially  the  light  emission. 

ETHER-BENZENE   AND   ALCOHOL-BENZENE. 

Crooke's  Standard.  Probably  the  earliest  standard  of  this 
type  was  that  of  Crookes,  described  in  the  American  Gas  Light 
Journal  for  1876.  He  used  a  lamp  whose  wick  was  made  up 
of  a  certain  number  of  platinum  wires  of  a  certain  size.  The 
fuel  was  a  mixture  of  pure  alcohol  and  benzene.  The  light  was 
claimed  to  be  much  more  constant  than  that  of  the  candle,  but 
was  too  feeble  for  the  lamp  to  be  of  practical  value. 

BlondeVs  Standard.  This  also  consisted  (Fig.  4)  of  a  lamp 
in   which  the  upper  part  of  the  wick  tube  is  surrounded  by  a 
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cap  pierced  with  a  hole  at  the  top.  The  flame  is  surrounded 
by  a  chimney,  dead  black  inside,  and  with  two  glass  covered  win- 
dows oblique  to  each  other,  one  to  allow  the  light  to  pass  through, 
and  the  other  for  purposes  of  adjustment. 

Dutch  Committee's  Standard.  The  Dutch  Committee  on 
Photometry  in  1894  proposed  the  use  of  a  modified  Harcourt's 
one-candle  wick  pentane  lamp  as  a  standard,  but  with  another 
fuel.  Ether  alone  was  found  to  be  too  sluggish  in  passing  up 
the  wick ;  but  after  mixing  with  benzene  it  was  found  that  the 
variation  in  light  intensity  was  only  o.i  per  cent,  for  mixtures 
of  from  8.5  to  10.2  parts  of  benzene  to  100  of  ether.     The  mix- 


FiG.  4 — Blondel's  Standard.' 

ture  selected  was  9  parts  of  benzene  to  100  of  ether.  Tests 
showed  that  the  materials  did  not  have  to  be  absolutely  pure, 
and  that  one  did  not  burn  faster  than  the  other. 

The  lamp  closely  resembles  the  one-candle  pentane.  The 
upper  part  consists  of  a  cylindrical  metal  chimney  with  two  rec- 
tangular openings  opposite  each  other.  The  upper  part  of  the 
lamp  is  warmed  for  half  an  hour  by  being  placed  over  a  gas  jet, 
after  which  it  is  transferred  to  the  reservoir  when  its  warmth  at 
once  causes  the  fluid  to  evaporate  at  approximately  the  required 
rate,  finer  adjustments  being  made  by  regulating  the  wick. 
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The  standard  is  equal  to  1.48  English  candles.  The  mean 
deviation  was  2.87  per  cent.,  the  extremes  being  —  9.82  per  cent, 
and  —  0.02  per  cent.  Two  lamps  compared  with  each  other  gave 
a  mean  deviation  of  +  0.62  per  cent. 

wartha's  ETii]-:k  standard. 

This  was  brought  out  in  1874,  and  consisted  of  a  tank,  simi- 
lar to  those  used  for  carbonic  acid,  placed  in  a  vessel  of  water. 
When  it  was  desired  to  make  a  test,  the  water  was  heated,  caus- 
ing the  ether  to  evaporate,  when  the  vapor,  passing  through  a 
micrometer  cock  to  a  burner  of  known  size,  burned  with  a  bril- 
liant white  flame. 

This  is  another  standard  which,  never  having  been  used  to 
any  extent,  never  seems  to  have  excited  any  controversy. 

ACETYLENE    STANDARDS. 

Violles  Standards.  About  1895,  Violle  suggested  the  use 
of  a  perforated  screen  placed  before  an  acetylene  flame,  and  about 
a  year  later  brought  out  a  standard  consisting  of  a  lamp  with 
a  small  conical  orifice  from  which  the  gas  issued,  drawing  in 
the  required  air.  The  whole  resembled  the  ordinary  laboratory 
bunsen  burner.  The  mixing  tube  ended  in  a  steatite  bats-wing 
burner.  Either  the  whole  flame  or  a  part  might  be  used.  In 
the  model  employed  the  flame  was  enclosed  in  a  small  box,  one 
j=ide  of  which  was  provided  with  an  iris  diaphragm,  enabling 
any  desired  number  of  candles  to  be  secured,  and  another  side 
was  furnished  with  a  revolving  plate  containing  openings  of  dif- 
ferent sizes,  each  of  which  had  been  carefully  calibrated. 

Greville's  Standard.  In  1895  H.  Leicester  Greville  suggested 
using  an  argand  burner  with  very  fine  holes,  the  height  of  the 
flame  being  adjusted,  only  a  definite  portion  of  the  flame  being 
used. 

Fessenden's  Standard,  In  a  communication  to  the  A.  I.  E. 
E.  in  1896,  Prof.  R.  A.  Fessenden  wrote  that  he  had  tried  to 
make  a  slit  burner  with  adjustable  edges,  with  a  view  to  pro- 
viding a  standard.  He  found,  however,  that  the  expansion  of 
the  materials  with  heat  introduced  appreciable  errors.  He  then 
tried  two  small  circular  jets  impinging  upon  each  other  at  an 
angle  of  90°,  which,  he  claimed,  formed  an  even,  luminous  flame, 
^)nly  slightly  aft'ccted  by  drafts  and  other  atmospheric  conditions. 
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riiis   standard,  however,  never  seems  to  have  been  adopted  or 
used  by  anyone  but  the  inventor. 

Ferys  Standard.  Chas.  Fery  first  suggested  using  a  bit 
of  thermometer  tube  with  a  bore  of  0.5  mm.  as  a  jet  for  the 
acetylene.  He  found  that  the  luminous  intensity  was  propor- 
tional to  the  flame  height  between  the  limits  of  i  and  2.5  cm. 
In  1904  he  modified  this  primitive  affair  by  placing  the  flame 
behind  a  diaphragm  pierced  with  a  hole  of  given  size  opposite 
the  region  of  maximum  brilliancy.  The  flame  is  focussed  upon 
the  screen  by  a  lens;  and  the  screen  is  divided  in  a  scale  ad- 
mitting of  exact  regulation  of  the  flame.  The  device  also  has 
the  advantage  of  suppressing  the  penumbra  surrounding  the  cone 
of  rays  crossing  each  other  on  the  diaphragm.  A  lens  in  the 
screen  itself  projects  the  rays  from  the  standard  to  the  pho- 
tometer disk. 

In  general,  the  difficulty  with  acetylene  is  that  it  is  so 
rich  it  has  to  be  diluted  with  air,  and,  on  account  of  the  ex- 
•plosiveness  of  the  mixture,  the  orifice  has  to  be  so  smaH  that 
accuracy  of  workmanship  cannot  be  guaranteed.  The  hole,  more- 
over, is  subject  to  clogging  with  carbon,  altering  the  proportion 
of  the  inixture.  Sharp  has  burned  acetylene  in  a  mantle  of  oxv- 
gen,  but  the  flame  is  so  sensitive  to  pressure  changes  as  to  make 
it  unserviceable.  Hartman  used  mixtures  of  acetylene  and  hy- 
drogen, and  found  that  the  intensity,  was  at  a  maximum  with  a 
half-and-half  mixture. 

WELSBACH   MANTLE. 

The  Welsbach  mantle  was  suggested  as  a  photometric  stand- 
ard ;  tests  made  in  this  connection  at  Cornell  University  showed 
a  rapid  fall  in  luminosity  for  the  first  200  hours,  after  which 
the  decline  was  very  slow  and  almost  uniform.  It  was  suggested 
that  mantle  burners  might  make  satisfactory  standards  by  prop- 
erly aging,  but  nothing  has  as  yet  been  made  public  to  indicate 
any  progress  in  this  direction. 

Oxide  of  calcium. 

E.  L.  Nichols  measured  by  means  of  a  thermopile  the  in- 
tensity of  radiation  from  the  lime  light  brought  to  incandescence 
by  an  oxyhydrogen  flame,  and  found  a  rapid  and  continued  fall- 
ing off  throughout  the  test.  This  result  confirmed  earlier  pho- 
tometric tests.     Disks  of  magnesium  oxide  and  zircon   showed 
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analagous  behavior,  although  there  seemed  to  be  reason  to  be- 
lieve that  the  decrease  was  less  rapid  than  with  lime. 

ILLUMINATING    GAS    STANDARDS. 

Giroud  Combination  Standard.  While  this  was  not  the 
earliest  standard  in  which  the  same  gas  was  burned  as  was  to 
be  tested,  being  brought  out  in  1882,  yet  it  never  came  into  prac- 
tical use,  and  so  may  be  disposed  of  first. 

This  consists  (Fig.  5)  of  an  open  argand  gas  burner  with  a 
glass  chimney.     Since  variations  in  the  flame  of  this  burner  can- 


FiG.  5 — Giroud  Standard. 


not  be  readily  discerned  in  the  flame  itself,  an  indicator  is  pro- 
vided in  the  form  of  a  single  jet  i  mm.  in  diameter,  and  giving 
a  light  equal  to  one-tenth  of  the  other.  The  height  of  the  indi- 
cating jet  is  gauged  by  sighting  through  a  perforated  screen. 
An  increase  in  richness  of  the  gas  will  be  accompanied  by  an 
increase  in  the  size  of  the  two  gas  jets  (since  they  are  connected 
to  the  same  source  of  supply),  which  is  slight  in  the  argand 
and  marked  in  the  jet.  The  main  supply  to  the  two  jets  is  then 
throttled  until  the  pilot  jet  is  at  the  standard  height,  when  the 
argand  will  be  at  its  normal  point. 
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The  standard  equals  one  carcel  or  ten  candles  as  desired. 

Heisch  and  Hartley  made  some  tests,  finding  the  mean  devia- 
tion about  2.5  per  cent.  They  think  that,  in  ordinary  practice 
and  with  a  better  arranged  sight  device,  the  errors  should  not 
exceed  3  per  cent. 

Methven  Screen,  In  1878  John  Methven  read  a  paper 
before  the  British  Association  of  Gas  Managers,  in  which  he  an- 
nounced that,  when  gas  was  burned  in  similar  argand  burners 
at  a  given  height  of  flame,  there  was  a  region  in  the  flame  which 
would,  for  equal  areas,  give  equal  illuminating  powers  for  gases 
rated  at  between  15  and  35  candle-power.  He  had  determined 
the  illuminating  value  of  horizontal  zones  of  the  flame  ^-in. 
wide,  but  found  a  lack  of  uniformity  due  to  alterations  in  the 
width  of  the  flame,  and  to  variations  in  brightness  at  the  edges 
of  the  flame.  He,  therefore,  adopted  as  a  screen  a  plate  with 
a  hole  I  in.  high  by  %  in.  in  width  immediately  opposite  the 
brightest  portions  of  the  flame,  which  allowed  tcf  pass  a  light 
equal  to  2  candles. 

The  report  to  the  Board  of  Trade  Committee  on  Photometric 
Standards  in  1881,  however,  while  admitting  the  simplicity  and 
convenience  of  this  standard,  reported  that  its  utility  was  limited 
to  gas  which  did  not  vary  by  more  than  2  candles.  The  report 
of  the  Photometric  Committee  of  the  German  Association  of  Gas 
Managers  in  1880  was  not  even  as  favorable  as  this,  stating  that 
it  was  more  liable  to  variation  than  the  candle. 

On  the  other  hand,  F.  W.  Hartley,  who  at  first  was  loud 
in  condemnation  of  the  Methven  screen,  recanted  in  a  paper  read 
before  the  British  Association  of  Gas  Managers  in  1880,  and  said 
that  his  own  experiments  showed  close  agreement  with  gases 
ranging  from  a  rich  cannel  of  35  candle  power  to  an  unenriched 
gas  of  14  candles. 

While  still  expressing  faith  in  this  other  system,  in  1882 
Methven  suggested  carburetting  the  gas  to  be  used  in  his  standard 
by  passing  the  gas  over  trays  of  very  fine  gauze  through  which 
some  hydrocarbon  (pentane  or  gasolene)  dropped  from  one  to 
the  other.  With  this  system,  he  used  a  2>^-in.  flame,  instead  of 
a  3-in  as  before,  and  also  slightly  reduced  the  size  of  the  aper- 
ture in  the  screen.  This  change  abated  somewhat  the  war  of 
criticism  and  approval  waged  among  the  enemies  of  the  standard 
and  those  in  favor  of  it.  Dibdin,  for  instance,  as  a  result  of  a 
series  of  tests,  said  that  its  inaccuracies  must  militate  seriously 
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against  its  adoption  with  plain  gas,  but  with  carburetted  gas 
it  was  capable  of  good  work.  In  another  report,  however,  hv, 
says  that  observations  by  different  operators  could  not  be  con 
sidered  satisfactory,  as  more  experience  was  required  with  the 
carburetted  gas  than  would  appear  necessary.  In  the  same  re- 
port he  found  a  maximum  deviation  of  5  per  cent.  Heisch  and 
Hartley  found  no  difference  whatever  when  gas  rated  at  from 
13.65  to  22.4  candles  was  used,  while  Rawson  and  Grafton,  on 
the  other  hand,  said  that  in  over  2,500  tests,  the  average  differ- 
ence was  only  0.31  candles  in  the  gas;  and  a  comparison  of 
14,600  tests  at  Reckton  with  3,670  made  by  the  examiners  showed 


Fig.  6 — Methven  Screen. 


the  candle  powers  to  be  16.52  and  16.58,  respectively.  H<e  then 
says  that  with  mixtures  of  16  or  17-candle  coal-gas  and  20  or 
2i-candle  water-gas,  there  is  no  serious  change  until  the  per- 
centage of  water-gas  exceeds  14.  He  also  recommends  the 
standard  for  uniformity,  ease  of  adjustment  and  general  relia- 
bility. 

In  its  present  form,  it  consists  (Fig.  6)  of  a  Sugg's  Argand 
burner  with  a  flat  or  concentric  screen  1^4  in.  in  front  of  the 
centre  of  the  burner.  This  screen  carries  a  slide  in  which  are 
two  vertical  rectangular  openings,  adjusted  to  pass  a  light  of  2 
candles  for  the  3-and  2J/^-in.  flame,  respectively.  The  openings 
are  ixo.233  in.  and  0.31x0.585  in.,  and  are  cut  in  silver  so  that 
the  standard  shall  not  change  through  corrosion. 
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This  standard  has  come  into  very  extensive  use  in  England, 
and  has  been  used  more  or  less  in  this  country,  although  here 
the  Edgerton  has  largely  covered  the  field.  A  modification  of 
this  lamp  was  proposed  by  W.  W.  Fiddes  who  used,  instead  of 
a  flat  screen,  a  brass  chimney  with  an  opening  ^^-in.  in  diameter 
opposite  the  flame.  This,  according  to  the  author's  experiments, 
gave  a  constant  light  of  one  candle.  Nothing  was  ever  done 
further,  however. 

Edgerton,  or  Mobile,  Standard.  This  standard  was  exhibited 
by  H.  H.  Edgerton  at  the  meeting  of  the  American  Gas  Light 
Association  in  1875.  It  consists  of  an  argand  burner  with  a 
brass  sleeve  surrounding  the  chimney.  This  sleeve  has  a  narrow 
horizontal  opening  extending  across  it  so  as  to  take  in  the  full 
width  of  the  flame,  and  a  small  part  of  its  height.  The  entire 
affair  is  what  Methven  tried  three  years  later  and  abandoned  in 
favor  of  the  vertical  slot.  Since  then  the  back  of  the  sleeve  has 
been  cut  away  to  avoid  reflecting,  and  little  windows  have  been 
provided  in  its  sides  to  facilitate  regulating  t!:e  flame.  The  il- 
lumination is  about  6  candles. 

In  1895  Prof.  D.  S.  Jacobus  found  by  experiment  that  the 
light  centre  of  the  standard  was  9/10  in.  in  front  of  the  geomet- 
rical centre,  and  entirely  outside  of  the  flame  itself. 

Probably  owing  to  the  fact  that  gas  men  in  America,  where 
the  Edgerton  standard  had  come  into  very  extensive  use,  are 
not  so  apt  to  make  public  their  investigations  as  are  their  English 
cousins,  not  much  has  been  published  as  to  the  merits  of  this 
standard.  Mr.  Rollin  Norris,  however,  conducted  experiments 
which  showed  that  with  water-gas,  it  was  extremely  unreliable, 
giving  variations  as  high  as  4.2  per  cent,  above  and  6.7  per  cent, 
below  the  average.  With  coal-gas,  he  found  it  somewhat  more 
constant.  On  the  other  hand,  Mr.  A.  S.  Miller  reported  to  the 
American  Gas  Light  Association  in  1900  that,  in  a  long  series 
of  experiments  under  different  conditions,  the  extreme  variation 
in  tests  that  should  be  alike  was  2.5  per  cent.,  and  the  tests, 
in  general,  seemed  to  indicate  that  it  is  highly  satisfactory,  pro- 
vided it  is  not  disturbed  after  being  standardized. 

With  the  Edgerton  sleeve,  frequent  standardizations  are  ne- 
cessary, either  with  candles,  pentane,  Hefner,  or  some  other  form 
of  standard. 
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Sugg's.  Ten  Candle  Standard.  This  consists  (Fig.  7)  of  an 
argand  gas  burner  giving  a  flame  regulated  to  a  height  of  3 
inches.  The  top  of  the  flame  is  cut  off  by  a  screen  which  re- 
duces the  height  of  the  light  to  i^  inches.  The  standard  is 
mounted  on  a  meter  which  registers  the  amount  of  gas  con- 
sumed, and  constitutes  an  indication  of  the  highest  value  of  the 
variations  of  the  flame. 

KEROSENE   LAMPS. 

Numerous  attempts  have  been  made  to  use  kerosene  lamps 
as  photometric  standards.     In  1884,  Frederic  Egner  reported  as 


Fig.  7 — Sugg's  Standard. 


the  result  of  some  tests,  that  the  light  was  remarkably  uniform. 
Heim  used  an  oil  lamp  as  a  secondary  standard  with  good  re- 
sults. Von  Hefner-Alteneck  said  it  was  superior  to  the  carcel, 
and  Dr.  Clayton  H.  Sharp  used  a  kerosene  lamp  with  an  argand 
burner,  the  top  of  the  flame  being  screened  off  by  a  ferro-type 
iron  cylinder  fitting  close  to  the  chimney.  This  lamp  furnished 
a  very  steady  source  of  light,  and  the  intensity  was  unaffected 
by  slight  variations  in  the  height  of  the  flame.  Its  intensity 
changed,  however,  from  day  to  day,  and  the  lamp  had  to  be 
standardized  daily. 
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Lecomte  ami  Luchaire's  Lamp,  This  lamp,  which  uses  a 
variety  of  kerosene  known  as  Stella  oil,  comprises  a  reservoir 
surmounted  by  a  burner  using  a  wick.  Surrounding-  the  chimney 
is  a  blackened  copper  box  with  windows  for  observing  the  flame, 
and  an  opening  partly  covered  by  an  adjustable  diaphragm  to 
cut  down  the  light  to  10  candle  power.  The  lamp  is  mounted 
on  a  balance,  and  correction  is  made  for  consumption  of  oil  in 
a  manner  similar  to  the  correction  for  irregular  burning  of 
candles.  This  is  another  standard  which  apparently  has  never 
made  its  appearance  outside  of  the  laboratory. 


Fig.  8 — Elliott  Standard. 


Elliott  Kerosene  Lamp.  This  is  of  the  student  lamp  form 
TFig.  8),  v^ith  a  flat  cotton  wick  i>4  in.  wide.  To  prevent  smoky 
tails,  the  wick  is  clipped  off  slanting  at  the  corners.  The  chimney 
is  the  usual  No.  40  Macbeth  pearl  glass.  An  adjustable  brass 
screen  covering  the  upper  part  of  the  flame  is  supported  upon 
two  upright  brass  strips  riveted  to  the  burner  shell. 

The  inventor  claims  that  his  lamp  is  simpler  and  more  re- 
liable than  the  pentane  lamp,  and  experiments  made  by  him  gave 
good  results.  Tests  were  also  made  at  the  Electrical  Testing 
Laboratory  in  New  York,  but  these  are  inconclusive  as  published, 
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.since,  while  they  give  the  temperature,  no  mention  whatever  is 
made  of  the  other  atmospheric  conditions.  Other  tests  made  at 
the  National  Physical  Laboratory,  London,  show-  a  variation  of 
from  10.23  candles  to  9.26,  the  humidity  dropping  from  13  litres 
per  cu.  metre  to  11.7.  The  report  states  that  the  experimenters 
think  that  the  evidence  is  not  sufficient  to  attribute  any  change 
there  may  have  been   In  candle-power  to  variation  in  humidity. 

INCANDESCENT    ELECTRIC    LAMPS. 

Incandescent  Platinum  Wires  In  1857  Zoellner  experi- 
mented with  incandescent  platinum  wires  for  the  purpose  of 
studying  the  radiations  from  them,  but  no  reliable  results  w^ere 
derived.  In  1878,  Schwendler  revived  the  plan ;  but  the  method 
was  never  adopted,  owing  to  variations  in  the  emissive  powder 
of  the  surface  of  the  strip  and  alterations  in  its  cross-section. 

In  this  connection,  although  it  is  not  an  electric  lamp,  it 
might  be  of  interest  to  mention  a  scheme  suggested  in  1866  by 
W.  \V.  Fiddes.  He  proposed  to  heat  a  loop  of  platinum  wire  in 
the  flame  of  a  bunsen  burner  to  which  just  enough  air  was  ad- 
mitted to  remove  the  luminosity.  He  said  that  the  incandescence 
of  the  ware  immersed  in  the  flame  would  be  invariable  for  every 
variety  of  gas  in  ordinary  use. 

Carbon  Incandescent  Lamp.  Many  attempts  have  been 
made  to  obtain  a  primary  standard  of  light  from  the  incandescent 
electric  lamp,  but  all  these  failed  through  lack  of  constant  rela- 
tion between  illuminating  power  and  physical  conditions.  It  has, 
however,  done  good  work  as  a  secondary  standard. 

In  1884,  Preece  used  what  would  now  be  called  an  illumi- 
nometer  in  which  the  standard  was  2.5-c.  p.  Swan  electric  lamp. 
The  current  was  regulated  until  the  illuminations  were  equal, 
and  the  candle  power  was  then  read. 

Photometricians  (mostly  of  the  electrical  persuasion,  how- 
ever,) seem  to  agree  that  in  the  incandescent  electric  lamp  a 
satisfactory  standard  has  been  found,  even  if  it  is  only  a  second- 
ary one.  The  filament  should  be  in  the  form  of  a  single  loop 
lying  in  one  plane  which  is  in  the  axial  line  of  the  lamp.  The 
lamp  should  be  aged  by  running  for  50  hours  slightly  above  its 
normal  voltage,  and  after  that,  in  practice,  taking  care  that  the 
normal  voltage  is  not  exceeded.  Dr.  Fleming  recommends  before 
using  the  lamp  as  a  standard,  taking  the  filament  from  the  origi- 
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nal  bulb  and  putting  it  in  a  larger  one,  thereby  reducing  black- 
ening of  the  bulb.  Messrs.  Good  and  Wilde,  however,  believe 
that  a  large  bulb  is  of  little  value. 

Tests  made  by  Clifford  C.  Paterson  showed  that  there  is 
no  doubt  that  high  voltage  lamps  that  will  remain  constant  in 
candle  power  for  a  considerable  time  can  be  obtained,  but' that 
they  cannot  as  yet  be  produced  with  certainty. 

A  lamp  should  be  standardized  at  the  end  of  each  20  hours' 
running. 

Osmium  Lamp.  This  is,  of  course,  still  to  be  developed.. 
Revessi  found  that  with  constant  current,  the  candle  power  first 
increases,  reading  103  per  cent,  of  the  original  after  200  or  25a 
hours,  then  slowly  decreases  to  97.6  per  cent,  after  800  hours, 
and  96.6  per  cent,  after  1,680  hours.  At  constant  voltage,  the 
candle  power  increases  to  106.7  P^^  cent.,  and  then  decreases  to 
98.2  per  cent,  and  93.2  per  cent.,  the  hours  corresponding  tO' 
those  in  the  preceding  case.  Hence  it  is  better  to  use  constant 
current  with  this  lamp. 

Lamps  of  this  sort,  aged  and  tested  are  already  supplied 
by  the  Westminster  Testing  Lalboratory,  London. 

bowditch's   naphthalene. 

In  his  book  on  coal-gas,  published  in  1867,  the  Rev.  Thos. 
Bowditch  suggests  a  standard,  and  shows  a  touching  confidence 
in  it.  He  savs :  'Tf  a  Government  Commission  were  appointed 
to  examine  the  whole  question  of  a  light  measure,  I  have  no 
doubt  that  it  would  adopt  the  one  I  now  proceed  to  describe,  and 
would  publish  such  directions  as  would  render  error  impossible, 
except   to  the   culpably  careless,  or  the   wilfully  wrong  doing.'" 

The  author  then  says  that  he  would  suggest  using  either 
pure  carbonic  oxide  or  hydrogen,  passing  it  at  definite  rate 
through  a  carburetter  containing  pure  naphthalene,  and  burning 
the  product.  The  carburetter  containing  the  napthalene  was  to 
be  weighed  before  and  after  the  test  to  make  sure  that  the  proper 
quantity  was  consumed. 

'The  materials  used  would  be  invariable,  and  thus  the  errors 
arising  from  manufacture  and  personal  manipulation  would  t-e 
prevented."  *' 
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PENTANE  STANDARDS. 

Simmance's  Two-Candle.  This  consists  of  twin  burners 
(Fig.  9)  each  composed  of  a  steatite  tube  fitted  at  the  top  with 
a  brass  plug  i  inch  in  diameter,  and  through  the  centre  of  which 
a  hole  %  in.  in  diameter  has  been  drilled.  Each  burner  has  a 
stop  cock  for  regulating  the  flame.  Two  blue  glass  screens  are 
provided  with  cross  wires  at  a  height  of  30  mm.  from  the  top  of 
the  burners. 

The  tubes  unite  at  the  bottom  in  one  tube  which  continues 
down  to  the  base,  then  along,  and  then  up  to  the  pentane  satura- 
tor,  or  carburetter.  This  is  circular,  and  is  fitted  with  a  spiral 
plate  attached  to  the  top  of  the  carburetter,  but  not  to  the  bot- 
tom, thus  forming  a  baffle. 


Tig.  9 — Simmance's  'Ivvo-Candi.e  Pentane  Standard. 


Sugg's  i()-Candlc  Argand.  This  was  similar  to  Sugg's  10- 
candle  standard,  except  that  it  was  not  mounted  on  a  meter,  the 
argand  was  larger,  and  it  was  intended  for  use  with  pentane 
air-gas. 

Dibduis  lO-Caudle  Air-Gas  Pentane.  This  consists  of  a 
special  argand  burner  (Fig.  10),  mounted,  together  with  a  pen- 
tane reservoir  of  the  bird  fountain  type,  upon  a  carburetter, 
consisting  of  a  circular  tin-plate  vessel  with  a  spiral  baffle  plate 
making  a  passage  43^  ft.  for  the  air  to  traverse.  On  the  side 
of  the  burner  to  be  presented  to  the  photometer  disk  is  a  metal 
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screen  8^  ins.  hi^h,  and  screwed  securely  to  the  base  plate.  The 
middle  portion  of  this  screen  is  cut  away  leaving  above  the  top 
of  the  steatite  ring  of  the  burner  an  opening  2.15  ins.  in  height 
and  1.4  in.  in  width,  the  lower  portion  of  the  opening  being 
exactly  level  with  the  steatite. 

This  standard  was  recomiiiended  for  adoption  by  the  Pho- 
tometric Standard  Committee  appointed  by  the  Board  of  Trade ; 
but,  in  spite  of  the  influence  of  the  inventor,  who  was  Super- 
intending Gas  Examiner  to  the  London  County  Council,  it  was 
never  adopted.  As  a  matter  of  fact,  however,  this  influence  was 
neutralized  by  that  of  the  inventor  of  the  Harcourt  lo-candle 
pentane  lamp,  who  was  on  the  Board  of  Gas  Referees. 


Fig.  10 — Dihimn's  Pentane  Standard. 


Examinations  of  this  lamp  were  made  by  Walter  Grafton, 
who  reported  that  it  was  nearly  half  a  candle  over  the  10  candles, 
?.nd  that  it  was  liable  to  variation  from  a  variety  of  causes;  it 
was  also  examined  by  a  Committee  of  the  Institution  of  Gas  En- 
gineers, who  confirmed  Grafton's  report. 

Harcourt  Hydro gen-Pentane  Standa/rd.  Probably  no  other 
man  has  devoted  anything  like  the  time  and  study  to  the  solution 
of  the  problem  of  obtaining  a  satisfactory  light  standard  that  A. 
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Vernon  Harcourt  has.  In  1876  he  reported  that  he  had  been 
workino-  on  one  for  two  or  three  years,  and  had  experimented 
on  the  use  of  air  and  hydrogen  for  absorbing  vapors  of  "Hght 
petroleum"  or  pentane  to  make  a  standard  gas.  He  preferred 
to  use  hydrogen,  because  with  air  a  meter  was  necessary  and 
corrections  had  to  be  made  for  changes  in  atmospheric  condi- 
tions ;  whereas  with  petroleum,  by  acting  on  an  excess  of  zinc 
with  a  known  weight  of  sulphuric  acid,  an  accurately  known 
quantity  of  hydrogen  was  obtained  without  further  correction. 

In  making  this  gas,  Harcourt  floated  70  to  100  c.  c.  of  pen- 
tane on  water  in  a  wash  bottle.  He  then  let  the  hydrogen  bubble 
through  the  w^ater,  evaporating  the  petroleum  and  driving  the 
gas  into  a  small  holder.  He  found  that  a  mixture  of  i  part  by 
weight  of  hydrogen  and  3.91  of  pentane  would  make  a  gas  of 
16  candle-power  rating. 

Harcoiirfs  Early  Air-Pentauc  Standard.  Harcourt  seems 
to  have  changed  his  mind  in  regard  to  the  merits  of  air  and  hy- 
drogen for  the  carrier  of  the  petroleum,  because  a  year  later 
he  described  an  air-pentane  standard,  making  no  mention  of  the 
first  scheme.  In  this  he  passed  air  through  a  Woulfe's  bottle 
containing  light  petroleum  floating  on  water,  and  burned  the  gas 
thus  made  in  a  burner  consisting  of  a  piece  of  i-in.  brass  tube 
4  ins.  long,  the  upper  end  closed  by  a  plug  ^-in.  thick  with  a 
cylindrical  hole  54  ii^-  ii^  diameter.  The  height  of  the  flame  was 
2  5/16  ins.  and  was  marked  by  a  platinum  wire.  The  mixture 
used  was  600  volumes  of  air  to  i  of  liquid  petroleum. 

Harcourt' s  i-Candle  Air-Pentane  Standard.  Six  years  after, 
or  in  1883,  Harcourt  brought  out  a  standard  which  he  described 
somewhat  in  modified  form  in  1887,  faintly  resembling  the  present 
accepted  form.  It  consisted  of  a  reservoir  (Fig.  11)  of  pentane 
above,  feeding  by  gravity  to  a  burner  on  a  lower  level.  The 
pentane  is  fed  drop  by  drop  through  a  piece  of  thermometer 
tubing  into  a  reservoir,  or  carburetter.  The  flow  of  pentane  is 
regulated  by  a  piece  of  platinum  wire  inserted  to  a  greater  or  less 
extent  into  the  tubing.  The  air  and  pentane  vapor  are  drawn 
from  the  carburetter  through  a  pipe  extending  up  from  the  bot- 
tom of  the  vessel,  through  the  liquid  and  into  the  mixture  above. 

The  richness  of  the  mixture  depends  upon  the  height  above 
the  level  of  the  pentane  in  the  carburetter.  To  adjust  this, 
the   bottom   of    the  carburetter  is  connected  with  a  rubber  bag 
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filled  with  water,  the  pressure  being  regulated  by  screwing  a  disk 
down  upon  the  bag,  and  thus  raising  the  level  of  the  water  and 
pentane  in  the  carburetter.  The  bag  is  represented  in  the  illus- 
tration as  being  in  the  box  to  the  right,  out  of  which  the  regu- 
lating screw  is  shown  projecting. 

To  assist  evaporation  in  the  carburetter,  a  copper  disk  placed 
above  the  flame  and  heated  by  it,  is  connected  with  the  car- 
buretter by  a  copper  arm. 

In  the  early  form  of  this  lamp,  the  flame  height  was  gauged 
by  a  platinum  wire  fixed  2^  ins.  above  the  burner,  which  was 


Fig.  11— Harco'irt's  Air-Pentane. 


the  plugged  i-in.  pipe  before  described,  and  a  glass  chimney 
surrounding  the  burner  but  not  extending  above  it  was  used. 
With  the  1887  type,  a  tubular  cut-off  was  used. 

Harcourt's  i-Candle  Wick  Lamp.  This  standard  consists 
of  a  lamp  (Fig.  12)  with  a  wick  and  metal  chimney  surmounting 
a  vessel,  which  may  conveniently  be  made  of  glass.  The  wick 
only  approaches  to  within  2  or  3  ins.  of  the  flame,  conducting  the 
liquid  by  capillarity  to  the  tube  where  it  is  vaporized  by  the  heat 
conducted  down  the  tube.    The  flame  is  shielded  at  the  top  and 
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bottom  by  the  chimney,  the  space  between  which  is  adjusted  to 
a  set  of  gauges,  determining  the  Hght, 

Tests  of  this  lamp  made  by  Dibdin  in  1888  showed  a  maxi- 
mum fluctuation  oi  2^/2  per  cent.,  while  97  per  cent,  of  the  ob- 
servations fell  within  i  per  cent,  of  the  mean,  and  in  the  same 
year  the  Committee  of  the  British  Gas  Association  reported  that 
out  of  118  tests,  only  two  showed  fluctuations  of  i  per  cent., 
which  was  the  maximum.  C.  H.  Clifford,  of  the  Mass.  Insti- 
tution of  Technology,  and  Rawson  turned  in  equally  favorable 
reports.     Until  the  millennium,  we  shall  probably  not  have  any 


Fig.  12 — Pentane  One-Candle  Lamp. 

photometric  standard  to  which  some  objection  cannot  be  made, 
and  so  Walter  Grafton,  who  has  been  quoted  as  defending  candles 
and  the  Methven  screen,  rises  up  in  criticism  of  this  form  of  lamp. 
His  experiments  show  it  to  be  reliable  only  between  60°  and 
70°  Fahr.,  and  of  greater  illuminating  value  than  one  candle. 

Harcourt's  lO-Candlc  Wick  Pentane  Standard.  This  lamp, 
which  was  described  in  1894,  is  the  same  in  principle  as  the 
T -candle  lamp,  except  that  it  has  an  argand  wick,  which  does  not 
require  cutting  nor  trimming,  as  it  does  not  approach  the  flame. 
The  air  admission  to  the  inner  tube  is  tlirougli  a  triangular  open- 
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ing;  but  to  steady  the  flame,  it  was  found  necessary  to  fix  a 
cylindrical  case  around  the  lower  part  of  the  tube.  The  flame 
is  brought  to  the  color  of  the  gas  to  be  tested  by  admitting  a 
small  amount  of  air  below  the  point  of  combustion.  This  is  done 
by  drilling  a  row  of  small  holes  through  the  outer  tulbe  15  mm. 
from  its  top.  The  chimney  draft  is  enough  to  determine  the 
entry  of  air  through  the  holes. 

A  short  cylindrical  screen  surrounds  the  chimney,  the  bot- 
tom of  which  is  60  mm.  above  the  surface  of  the  burner ;  and 
both  the  screen  and  the  chimney  are  surrounded  by  a  pentagonal 
shade,  four  panels  of  which  are  filled  with  blue  glass,  while  the 
fifth,  which  is  turned  toward  the  photometer  disk,  is  filled  half 
way  down  with  a  metal  plate,  which,  overlapping  the  inner 
screen,  allows  only  the  light  from  the  lower  part  of  the  flame  to 
fall  on  the  disk  of  the  photometer. 

This  was  Harcourt's  last  effort  before  bringing  out  the 
present  standard  which  bears  his  name,  and  which  divides  with 
the  Carcel  and  Hefner,  the  honor  of  being  the  standard  of  light 
accepted  by  scientific,  technical  and  legislative  bodies. 

Har court's  10-Candle  Pentane  Standard,  This  has  become 
the  accepted  standard  in  England ;  while  in  America  it  divides 
the  honors  with  the  Hefner  lamp.  It  was  exhibited  before  the 
Institution  of  Gas  Engineers  in  June,  1898,  and  also  before  the 
British  Association  for  the  Advancement  of  Science  in  Septem- 
ber of  the  same  year.  In  1898,  it  was  prescribed  by  the  London 
Gas  Referees  as  the  official  standard.  It  is  also  the  accepted 
standard  of  the  National  Physical  Laboratory,  and  is  used  in  the 
Electrical  Testing  Laboratory  in  New  York. 

The  American  form  of  lamp,  which  is  illustrated  in  Figs. 
13  and  14,  differs  from  the  English  in  mechanical  details,  such 
as  being  of  more  substantial  construction.  The  principal  differ- 
ence, however,  is  the  metal  pipe  joining  the  carburetter  with  the 
burner,  instead  of  the  rubber  hose  of  the  English  form. 

The  lamp  comprises  a  rectangular  carburetter  containing 
baffle  plates,  so  that  the  air  is  forced  to  make  eight  trips  before 
it  is  ready  to  pass  down  to  the  burner,  the  force  necessary  being 
obtained  by  the  weight  of  the  column  of  air-saturated  pentane. 
The  burner  is  a  steatite-ring  argand  and  is  surmounted  at  a 
height  of  47  mm.  by  a  brass  chimney.  The  chimney  is  sur- 
rounded by  an  annular  space  which  communicates  to  the  burner 
in  such  a  way  that  heated  air  is  supplied  for  combustion.     The 
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flame  is  regulated  by  the  stop  cock  at  the  outlet  of  the  carburetter 
to  a  height  of  2j^  ins.,  the  top  of  the  flame  being  observed  through 
mica  windows  in  the  side  of  the  chimney.  A  conical  shield, 
with  an  open  side  towards  the  bar,  protects  the  flame  from  drafts. 
The  apparatus  is  also  provided  with  a  spirit  level. 

The  lamp  gives  a  white  light  of  10  candles,  the  color  of  the 
flame  and  the  luminous  intensity  making  it  peculiarly  acceptable 
as  a  photometrical  standard.  It  has  the  further  advantage  of 
not  using  a  wick  with  the  irregularities  incident  thereto,  not  re- 
quiring  a   glass   chimney   with   the   possibility   of   imperfections 


Fig.  13— Ten-Candle-Power  Pentane  Lamp. 

in  the  glass  and  of  setting  it  wrong  side  around  or  eccentric, 
and,  since  the  top  of  the  flame  is  screened,  of  being  independent 
of  slight  fluctuations  in  the  flame  height. 

Tests  were  made  by  Mr.  Rollin  Norris  as  Chairman  of  the 
Research  Committee  of  the  American  das  Light  Association,  on 
the  possible  variations  in  the  luminous  intensity  of  the  lamp. 
The  results,  reported  in  the  Proceedings  for  1900,  show  that  the 
pentane  as  commercially  supplied,  its  ([uality  being  checked  by 
'.nal\  sis,  exhibits  no  measurable  difl^erence  in  light  giving  quality. 
X/liere  the  lamj)  is  in  constaiU  use,  however,  and  a  large  quantity 
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■C'l  pentane  has  evaoratped.  the  residue  should  be  occasionally 
emptied  out.  A  lamp  burning  continuously  for  a  year,  showed 
no  deterioration.  A  range  of  temperature  from  75°  to  100°  F. 
does  not  affect  the  light,  nor  is  it  seriously  affected  by  a  range 
of  1-^)4  in.  in  barometric  pressure.  Moisture  in  the  air  affects 
the  light,  but  not  enough  experiments  were  made  to  establish 
the  law. 
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Fk;.  14— Sectional  View  of  Pentane  Lamp. 

I  believe  that  this  standard  has  been  subjected  to  less 
criticism  than  any  other  that  has  been  used  or  exploited  to 
anv  extent.  As  far  as  I  know,  Mr.  Walter  Grafton,  who  said 
that  its  candle  power  is  variable,  that  it  is  too  greatly  affected  by 
temperature,  and  that  the  central  draft  is  insufficient,  is  the  only 
one  who  really  raised  any  serious  objections.  Moreover,  he  read 
before  the  (British)  Institute  of  Gas  Engineers,  a  paper  in  wliich 
lie  concludes  that  when  the  parts  of  the  lamp  have  been  thor- 
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oughlv  heated  and  the  proper  adjustments  made,  "the  standard 
is  worthy  of  being  called  by  that  name,  and  is  as  reliable  as  it 
is  possible  to  get  one." 

This  leaves  the  pentane  lamp  without  an  opponent — a  posi- 
tion held  by  no  other  photometrical  standard. 

HEFNER     AMYL-ACETATE     LAMP. 

This  lamp,  which  was  first  brought  out  in  1884,  has  had 
great  popularity,  having  been  adopted  in  Germany  by  the  Society 
of  Gas  Engineers  in  1893,  and  by  the  International  Electro- 
Technical  Congress  at  Geneva  in  1896.  It  was  recommended  as 
a  temporary  standard  by  the  committee  of  the  American  Insti- 
tute of  Electrical  Engineers  in  1897,  ^^'^^  ^  brief  discussion  took 
place  in  1898  before  the  same  association,  but  no  formal  action 
was  taken. 

It  consists  of  a  small  lamp  (Fig.  15)  burning  amyl-acetate 
by  means  of  a  wick  made  of  cotton  threads,  from  15  to  20  in 
number,  laid  straight,  until  the  total  size  of  the  wick  is  just 
enough  to  fill  the  wick  tube,  which  is  8mm.  in  diameter,  without 
squeezing.  It  seems  strange  that  this  is  the  only  requirement 
for  what  one  would  think  such  a  critical  point.  The  wick  is 
raised  or  lowered  by  a  toothed  wheel  as  in  the  ordinary  kerosene 
lamp.  In  the  early  form  of  this  standard,  a  glass  chimney  was 
sometimes  used  to  steady  the  flame,  but  this  has  been  discarded. 

The  height  of  the  flame,  which  should  be  40  mm.,  is  gauged 
by  a  sight  device  consisting  of  a  short  horionztal  tube  carried  on 
a  standard  attached  to  the  lamp,  and  along  the  axis  of  which  is 
a  horizontal  plate.  The  tip  of  the  flame  should  be  just  on  a 
level  with  the  bottom  side  of  this  plate  as  observed  by  sighting 
along  it.  An  improved  method  of  adjusting  the  height  of  the 
flame  is  by  the  Kruess  optical  gauge,  consisting  of  a  tube  similar 
to  the  above  in  the  end  of  which  towards  the  flame  is  a  lens  which 
focuses  an  image  of  the  flame  on  a  ground  glass  at  the  other 
end  of  the  tube.  A  line  marked  on  the  ground  glass  admits  of 
eas\'  and  perfect  adjustment. 

There  has  been  much  wrangling  over  the  other  standards, 
but  I  believe  that  more  difiference  of  opinion  has  taken  place  over 
ihe  Ffefncr  lamp  than  over  any  other  single  photometric  standard. 
Some  photometricians  swear  by  it.  others  swear  at  it.  In  1887. 
Dr.  liunte  quoted  a  number  of  German  authorities,  all  speaking 
most  favorably  of  it,  and  in  1894,  Dr.  Eummer  said  that  after  a 
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four  years'  examination,  he  found  that  the  unit  varied  not  over 
4  per  cent,  as  long  as  the  necessary  conditions  were  strictly 
observed,  and  allowance  made  for  varying  meteorological  condi- 
tions. On  the  other  hand,  Palaz,  Dibdin,  Vautier,  and  Dr.  J.  A. 
Fleming  criticise  the  lamp,  in  some  respects  very  severely.  The 
objections  to  the  lamp  are:  (i)  Its  small  intensity,  (2)  the  red 
color  of  the  flame,  (3)  the  great  changes  in  illuminating  power 


Fig.  15 — Hefner  Lamp. 

due  to  slight  changes  in  height,  and  (4)  the  extreme  flabbiness 
of  the  flame  which  makes  it  waver  and  flicker  in  even  the 
slightest  draft  and  with  the  least  shock  or  jar. 

It  has  been  claimed  that  this  lamp  is  exactly  reproducible, 
and  hence  will  serve  as  a  primary  standard.  It  is  difficult  to 
accept  this  view,  since  a  test  by  a  special  commission  of  the 
German  Society  of  Gas  Engineers  of  six  standard  lamps  against 
the   Physico-Technical    Institute    standard   gave   values   ranging 
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from  0.965  to  LOT 6;  another  test  by  the  same  commission  found 
a  difference  of  2.9  per  cent,  between  the  illuminating  powers  of 
the  two  lamps,  one  constructed  by  Siemens  and  the  other  by 
Kruess ;  and  finally  lamps  of  Siemens,  Kruess  and  the  Physico- 
Technical  Institute  gave  differences  included  between  +  8.9  per 
cent,  and  — 3.2  per  cent. 

The  amyl-acetate  used  is  a  colorless  liquid  having  the 
chemical  composition,  C5  Hii  C2  H3  O2.  It  is  prepared  com- 
mercially by  distilling  amyl-alcohol  obtained  from  fusel  oil  with 
a  mixture  of  ethyl  alcohol,  sulphuric  acid  and  potassium  acetate. 
Liebenthal  investigated  very  thoroughly  the  influence  of  impuri- 
ties and  found  that,  with  a  flame  height  of  40  mm.,  the  presence 
of  water  and  of  alcohol  as  existing  in  commercial  amyl-acetate 
has  no  appreciable  effect  on  the  luminous  intensity,  but  affects 
seriously  the  stability  of  the  flame. 

EFFECT    OF    ATMOSPHERIC    CONDITIONS. 

It  has  long  been  known  that  moisture,  barometric  pressure, 
etc.,  has  an  effect  on  the  luminosity  of  all  flames.  Harcourt,  in 
1877,  speaks  of  this,  and  in  1889,  Methven  read  a  paper  describ- 
ing elaborate  experiments  to  determine  the  effect  of  atmospheric 
conditions  on  candles,  and  argand  and  flat-flame  burners,  as  well 
as  upon  his  own  standard.  He  seems  not  to  have  formulated  any 
law,  however,  nor  did  the  other  experimenters,  until  Liebenthal, 
in  1895,  gave  the  results  of  his  tests  on  the  Hefner  and  pentane 
I -candle  lamp,  and  deduced  formulae  for  the  effect  of  moisture 
and  barometric  pressure  for  each. 

The    latest  tests  were  made    by  Clifford    C.   Paterson,  the 
results  of  which  are  given.     The  formulae  deduced  are: — 
For  Moisture: — 

Pentane  Lamp,  C.  P.  =10  +  0.066  (10  — E) 
Hefner  Lamp,  C.  P.  =  0.914  +  0.006  (8.8  —  E) 

For  barometric  pressure: — 

Pentane  Lamp,  C.  P.  ==  10  —  0.008  (760  —  b) 

Hefner  Lamp,  C.  P.  =  0.914  —  o.oooi  (760  —  b),  in  which 

E  =    liters  of    water  vapor  per  cu.  meter    of    dry    air,  and    b 

=  barometric  pressure  in  mm.  of  mercury. 

Inasmuch   as  the  Carccl  lamp  was  found  to  vary  +  3  per 

cent   from  the  mean   in  one  da\-.  its  constancy  is  indefinite  and 

no  readings  were  taken. 
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Paterson  did  not  state  the  effect  of  carbonic  acid  on  the 
Hefner  lamp,  but  Liebenthal  found  the  correction  to  be  in  terms 
of  its  kmiinous  intensity : 

Hefner's  =  1.012  —  0.0072  C,  where  C  =  liters  of  carbonic 
acid  in  dry  and  pure  air  per  cu.  meter.  Multiplying  by  0.915, 
the  ratio  of  the  Hefner  to  the  candle,  we  have, 

C.  P.  =  0.926  —  .0066  C. 

Paterson  made  a  series  of  tests  on  the  effect  of  carbonic 
acid  on  the  lo-candle  pentane.  His  tests  were  not  numerous 
enough  to  draw  very  definite  conclusions,  but  from  the  figures 
he  gives  I  have  derived  a  formula  which  applies  fairly  well 
throughout  the  range  of  his  experiments.  This  formula  is  as 
follows : — 

C.  P.  =  C  P'  —  0.297  (C  —  0.23),  in  which  C  P' 
=  candle  power  corrected  for  aqueous  vapor,  and  C  =  liters  of 
carbonic  acid  per  cu.  meter,  as  before. 

RELATION    OF  THE  STANDARDS. 

There  has  been  as  much  difference  of  opinion  in  regard  to 
tlie  relative  values  of  the  standards  as  to  their  relative  merits. 
The  matter  seems  to  have  been  settled,  however,  by  the  Inter- 
national Photometric  Commission  at  the  meeting  last  year,  when 
the  following  ratios  were  adopted : 

Carcel.  Hefner.  Vernon-Harcourt 

Carcel    i.oo  10.75             0.980 

Hefner    0.0930  i.oo             0.0915 

Vernon-Harcourt 1.020  10.95             ^-^o 

The  standards  selected  for  the  atmospheric  conditions  are : — 
Barometric  pressure,  760  mm, 
Plumidity : 

Carcel 10.0  liters  of  water  vapor  per  cu.  m.  of  dry  air 

Hefner    8.8  "  "         "       "     "     "     "     " 

Vernon-Harcourt  lo.o 


Discussion  of  F.   N.  Morton's  Paper  by  the 
Philadelphia  Section. 

Dr.  A.  H.  Elliott: — I  want  to  state  that  the  ElHott  lamp  was 
not  designed  for  a  standard.  I  had  been  bothered  by  a  number  of 
errors  with  jet  photometers,  and  wanted  some  kind  of  a  standard 
— within  half  a  candle  or  even  a  candle — that  a  man  could  use 
from  hour  to  hour,  so  as  to  regulate  the  manufacture  of  gas, 
especially  water-gas,  which,  varies  very  much  if  not  properly 
regulated.  This  lamp  was  fairly  reliable,  although  it  is  not  yet 
a  good  standard.  I  found  that  in  lamps  with  bowl  reservoirs,  the 
height  of  the  oil  on  the  wick  affected  the  height  of  the  flame. 
To  overcome  that  difficulty  I  use  a  common  lamp,  so  that  the 
level  of  the  oil  is  always  the  same.  A  round  wick  with  a  trail- 
ing flame  was  not  very  adjustable,  so  I  used  a  flat  wick.  The 
first  lamp  used  was  one  with  a  wire  gauge  with  the  flame  at 
a  certain  height,  and  I  was  delighted  to  find  that  it  burned  with 
a  variation  of  only  half  a  candle.  Somebody  said  "If  you  can 
cut  off  a  certain  portion  of  that  flame  and  use  a  certain  part  of 
it,  you  will  get  better  results."  So  the  structure  inside  was  built. 
This  is  not  one  of  the  later  forms.  In  this  latest  there  is  a 
screen  immediately  across  the  cone,  so  that  there  is  a  disk  of 
light  i^  ins.  long  and  ^  in.  wide.  If  two  of  these  lamps  are 
filled  with  oil  out  of  the  same  can,  and  put  on  a  6o-in.  bar  pho- 
tometer, in  fifteen  minutes  the  lights  in  the  box  will  be  equal. 
The  two  lamps  can  iburn  for  8  or  9  hours  with  only  about  one 
per  cent,  variation  in  candle  power.  The  only  trouble  with  the  lamp 
is  that  its  light  cannot  be  guaranteed  at  10  candles.  But  when 
standardized,  it  will  give  a  steady  light.  Of  course,  there  are  cer- 
tain small  points  about  which  one  must  be  careful.  For  instance, 
some  of  the  lamps  will  tail  up  in  the  middle  a  little,  then  concave 
the  wick  a  little  in  trimming.  Wicks  are  cheap  and  should  be 
thrown  away  after  6  days'  use.  Another  point  about  the  lamp  is 
to  use  clean  oil. 

Mr.  C.  O.  Bond: — This  Elliott  lamp  has  been  given  some 
trial  in  the  Philadelphia  laboratory  of  the  United  Gas  Improve- 
ment Co.,  and  its  light  was  found  to  be  very  constant.  Experi- 
ments were  made  to  find  the  variation  due  to  water  vapor  in  the 
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air  and  it  shows  up  very  well.  Extreme  care  was  required  in 
trimming  the  wick  in  order  to  preserve  a  constant  flame  height. 
The  bar  across  the  bottom  of  the  screen  opening  which  is  now 
used  will  obviate  the  difficulty  with  which  we  met. 

Dr.  Clayton  H.  Sharp : — The  paper  by  Mr.  Morton  consti- 
tutes, as  far  as  I  know,  the  most  complete  history  of  standards  of 
light  which  has  ever  been  written.  I  myself  have  devoted  con- 
siderable time  to  the  study  of  this  subject,  and  must  say  that  Mr. 
Morton  has  brought  up  some  standards  of  light  tonight  of  which 
1  had  never  heard.  There  is  no  doubt  that  an  enormous  amount 
of  effort  has  been  made  for  the  purpose  of  estaiblishing  a  reliable 
standard  of  light. 

The  first  requirements  of  a  standard  of  light  is  that  it 
must  be  exactly  reproducible ;  that  means  that  it  must  be  repro- 
ducible everywhere  and  anywhere,  by  means  of  a  description. 
In  other  words,  we  must  be  able  to  write  a  set  of  specifications 
by  working  to  which  any  person  properly  skilled  can  reproduce 
the  standard.  The  intensity  of  the  standard  should,  if  possible, 
be  independent  of  outside  influences.  If  this  cannot  be  attained, 
corrections  must  be  made  to  account  for  these  outside  influences, 
and  the  method  of  determining  the  conditions  under  which  the 
standard  corresponds  to  its  nominal  value  must  be  specified. 
The  luminous  intensity  should  be,  if  possible,  entirely  independent 
of  the  properties  of  any  material.  No  standard  of  this  kind  has 
been  produced  as  yet. 

In  practical  work  we  find  a  necessity  for  dividing  standards 
into  two  classes,  according  as  incandescent  electric  lamps  or  gas 
flames  are  to  be  photometered.  In  incandescent  lamps  we  have 
an  illuminant  which  is  independent  of  atmospheric  conditions, 
the  candle  power  of  an  incandescent,  lamp  does  not  vary  with 
the  humidity  of  the  air,  or  with  the  CO2  of  the  air;  it  does  not 
vary  appreciably  with  the  temperature  of  the  air.  What  we  want 
to  compare  it  with  is  a  standard  that  does  not  change  with  at- 
mospheric conditions.  If  we  have  a  standard  which  varies,  as  all 
flame  standards  do,  with  the  humidity  of  the  air,  and  attempt  to 
photometer  an  incandescent  lamp  against  it,  we  will  find  varia- 
tions which  are  due  to  variation  in  the  standard,  unless  we  re- 
duce all  of  our  standard  readings  to  atmospheric  conditions. 
Hence  arises  the  necessity  for  secondary  standards  in  the  form 
of   incandescent   lamps.      Seasoned   incandescent    lamps    furnish 
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lis  a  means  for  maintaining  an  invariable  even  though  not  a 
'Jcfinable  unit  of  Hght.  In  reading  the  candle  power  of  gas  on 
the  photometer,  since  as  we  know  that  the  candle  power  of  the 
gas  will  vary  with  the  atmospheric  conditions,  it  is  desirable  to 
measure  it  against  a  standard  which  itself  varies  with  the  at- 
mospheric conditions,  and,  as  nearly  as  possible  to  the  same 
degree  as  the  gas  itself.  The  requirements,  then,  are  different 
in  this  respect  from  those  of  the  incandescent  lamps. 

As  we  have  seen,  all  the  practical  standards  of  the  present 
time  are  flame  standards.  In  a  flame  standard  we  should  have 
a  definite  burning  material,  one  preferably  of  definite  chemical 
composition,  and  combustion  should  take  place  under  a  definite 
set  of  conditions.  • 

Both  of  these  requirements  have  been  aimed  at  in  the  speci- 
fication for  the  old  British  candle,  but  they  have  been  very  im- 
perfectly attained.  The  candle  has  a  burning  material  which  has 
no  sufficiently  definite  composition.  In  a  sperm  candle,  it  depends 
upon  the  whale,  and  upon  the  mixture  of  beeswax  which  the 
maker  of  the  candle  has  seen  fit  to  add  to  the  spermaceti.  The 
conditions^of  burning  have  also  not  been  adhered  to  strictly  since, 
as  we  have  seen  in  Dr.  Love's  tests,  the  wicks  of  the  candles  vary. 
Moreover,  no  account  has  been  taken  of  the  atmospheric  condi- 
tions and  their  effect  upon  the  luminosity  of  the  candle. 

Ill  the  lo-candle  pentane  lamp,  which  must  be  taken  very 
seriously  at  the  present  day,  the  first  requirement  has  also  been 
to  a  considerable  extent  disregarded.  The  pentane,  as  burned 
in  this  lamp,  is  not  a  definite  chemical  compound.  It  is  a  mix- 
ture of  pentane  with  lighter  hydro-carbons.  When  it  is  prepared 
according  to  the  specifications  of  the  Gas  Referees,  the  value 
obtained  is  practically  constant,  but  it  nevertheless  lacks  the  ad- 
vantage of  being  a  definite  chemical  compound. 

The  Hefner  lamp,  which  is  the  great  competitor  of  the  pentane 
lamp,  uses  a  burning  material  which  is  of  definite  chemical  com- 
position, which  can  be  obtained  in  a  chemically  pure  state  from 
reputable  chemical  manufacturers. 

Now,  another  point:  Reproducibility  of  the  standard  de- 
{•ends — both  in  the  case  of  the  Harcourt  lamp  and  of  the  Hefner 
lamp — upon  the  mechanical  construction  of  the  kmp;  upon  the 
accuracy  with  which  the  lamp  is  made.  In  all  mechani(;:al  work 
it  is  necessary  to  allow  a  certain  amount  of  tolerance  and  varia- 
tions  in    dinuMisions,   consequently   it   is   of   importance   that   the 
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mechanical  dimensions  of  the  lamp  should  have  the  slightest 
possible  influence  upon  the  intensity  of  the  light  which  it  gives 
out,  and  also  that  those  dimensions  which  are  of  vital  importance 
in  determining  the  value  of  the  standard  should  not  only  be 
accurately  laid  down,  but  should  be  accurately  reproducible.  It 
is  important  that  as  few  parts  as  possible  of  the  lamp  should  have 
to  be  made  with  a  high  degree  of  accuracy,  and  hence  it  should 
be  as  simple  in  its   construction  as   possible. 

If  we  compare  the  Hefner  lamp — a  lamp  with  very  few 
parts — and  the  lo-candle  pentane  lamp  with  a  good  many  parts,, 
at  first  sight  the  comparison  is  in  favor  of  the  Hefner  lamp.. 
The  vital  dimensions  are  the  diameter,  the  height  and  the  thick- 
ness of  the  wall  of  the  wick  tube,  and  also  the  distance  between 
the  top  of  the  wick  tube  and  the  line  which  is  marked  by  the 
drawing  across  the  ground  glass.  It  should  not  be  difficult  to 
make  the  wick  tube  of  a  definite  height  and  definite  thickness. 
It  is  easy  to  determine  with  the  gauge  that  goes  with  the  lamp 
whether  the  condition  of  the  height  of  the  wick  tube  is  correct,, 
and  whether  the  flame  gauge  has  been  accurately  adjusted- 
Having  determined  the  accuracy  of  these  dimensions  there 
is  obtained  a  lamp  which  burning  with  this  material  of  definite 
chemical  composition,  with  a  flame  of  the  height  indicated  by 
the  gauge,  gives  a  certain  quantity  of  light  under  certain  atmos- 
pheric conditions.  The  Hefner  lamp  then  is  the  flame  standard 
reduced  nearly  to  its  lowest  terms. 

In  the  pentane  lamp  the  construction  is  much  more  compli- 
cated, and  its  specifications  are  much  more  difficult  to  carry 
out.  As  a  reproducible  primary  standard  of  light  the  Hef'.ier 
lamp  has  a  great  advantage  over  the  pentane  lamp.  The  dis- 
advantage is  that  it  gives  only  nine-tenths  of  a  candle,  while  the 
other  one  gives  10  candles.  Moreover,  it  is  affected  by  any 
draughts  of  air  so  that  the  adjustment  of  its  flame  height  is 
difficult.  The  pentane  lamp  is  not  subject  to  variation  from  such 
slight  causes. 

There  is  another  important  point  in  which  all  of  these  stand-  ■ 
ards  are  defective,  and  that  is  color.  The  Hefner  give*^  a  light 
which  is  perhaps  redder  in  color  than  any  of  the  other  commer- 
cial sources  of  light.  The  pentane  lamp  is  somewhat  better.  At 
the  present  time  metallic-filament  lamps  are  coming  into  use, 
which  are  whiter  still,  and  they  are  drawing  further  and  further 
away  from  the  standard.     We  have  the  Welsbach  burner  which 
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gives  a  color  which  can  hardly  be  compared  to  that  of  the  Hef- 
ner at  all.  The  electric  arc  is  altogether  beyond  the  range  of 
accurate  photometrical  observations  on  account  of  its  color. 

We  should  seek  for  a  standard  of  light  which  is  not  only 
reproducible  but  which  has  a  definite  color  value,  somewhere  near 
the  centre  of  gravity  of  color  values  of  practical  illuminants,  tlnis 
it  would  be  far  whiter  than  any  of  these  standards  of  today.  A 
color  like  that  of  the  tungsten  or  of  the  acetylene  flame  is  about 
what  is  required. 

It  is  unfortunate  that  no  one  has  had  the  time  and  the  pa- 
tience to  devote  to  the  completion  of  the  work  of  producing  a 
satisfactory  standard  of  light  using  acetylene  gas.  I  think  it  could 
be  done.  However,  modern  researches  in  the  direction  of  radia- 
tion make  it  seem  that  the  possibility  exists  of  getting  a  standard 
of  light  which  will  not  depend  upon  the  proportion  of  any  sub- 
stance, but  which  can  be  defined  in  terms  of  watts  of  radiant 
power ;  which  will  have  any  color  value  which  may  be  determined 
upon,  and  which  will  not  be  beyond  the  experimental  range  of 
the  great  national  laboratories.  Having  obtained  a  primary 
standard  of  this  kind  to  be  maintained  by  these  laboratories, 
there  will  be  no  difficulty  in  getting  secondary  standards  of  light. 

At  the  present  time  the  photometry  of  incandescent  lamps 
in  this  country,  which  constitutes  almost  an  industry  by  itself, 
is  carried  on  entirely  by  secondary  standards  in  the  shape  of 
incandescent  lamps.  Pentane  lamps  and  candles,  etc.,  are  not 
used  at  all.  By  holding  fast  to  a  unit  which  has  been  fixed  once 
for  all,  and  by  continually  copying  the  primary  or  original  stand- 
ards and  sub-standards,  the  practice  in  incandescent  lamp  pho- 
tometry has  cut  loose  from  the  primary  standards  entirely,  using 
instead  a  secondary  standard  which  has  the  great  advantage  of 
being  invariable. 

The  conditions  in  the  gas  industry  I  believe  are  not  so 
favorable,  but  that  is  a  point  on  which  others  may  talk  tonight 
who  are  more  capable  of  speaking  on  that  subject  than  myself. 

Mr.  C.  O.  Bond : — The  metal  base  of  the  Hefner  is  quite  wide, 
say  three  inches  across,  and  vertical  air  currents  are  aflfected 
there.  If  the  Hefner  lamp  were  designed  with  a  dififerent  base, 
so  that  the  field  below  was  left  as  free  as  it  is  in  the  candle,  would 
it  not  result  in  a  more  rigid  flame  ? 
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Dr.  Sharp: — Dr.  Liebenthal  states  that  the  flame  of  the 
Hefner  lamp  is  made  steadier  by  using  a  wick-tube  with  a  thicker 
wall,  and  gives  it  as  his  opinion  that  the  lamp  ought  to  be  changed 
so  as  to  increase  the  thickness  of  the  wall  of  the  wick-tube, 
which  I  think  increases  the  amount  of  heat  conducted  down  to  the 
wick  and  raises  the  temperature  of  the  vapor  before  it  gets  to 
the  flame,  so  that  it  goes  out  with  more  velocity.  I  have  always 
had  the  opinion  that  the  unsteadiness  of  the  flame  is  due  to  the 
specific  gravity  of  the  vapor. 

Mr.  W.  H.  Gartley: — The  Hefner  lamp  has  been  tested  by 
and  bears  a  certificate  from  the  Reichsanstalt,  which  is  the 
National  German  Physical  Laboratory.  The  carcel  has  passed 
their  inspection.  The  Carcel  lamp  has  also  been  passed  upon  by 
the  Laboratoire  Centrale  in  Paris  and  a  certificate  given.  The 
pentane  lamp  has  been  compared  with  a  lamp  from  England. 
Thus  they  are  the  true  representatives  of  the  diflferent  countries. 
The  Hefner  lamp  is  advantageous  in  being  portable.  From 
reliable  information  on  record  the  light  from  candles  varies  10 
per  cent,  from  the  average  under  normal  humidity  conditions 
and  15  per  cent,  in  the  varying  humidity  conditions  which  are 
common  to  Philadelphia.  The  candles  vary  in  light  very  much 
more  under  given  changes  of  humidity  than  the  Elliott  lamp  does. 
Consequently  it  would  be  better  if  the  lamp  were  standardized 
by  comparison  with  some  other  prin^ary  standard  which  has 
the  same  or  about  the  same  effect  under  all  humidity  conditions. 
There  are  now  three  accepted  primary  standards  of  light ;  not 
units,  but  primary  standards.  Their  adherents  all  claim  that  they 
are  reproducible.  An  enormous  amount  of  work  has  been  done 
by  investigators  to  come  to  an  agreement  upon  the  relative  value 
of  the  light,  and  I  am  glad  to  say  that  there  is  now  only  a  small 
marg-in  of  disagreement. 

Chairman  Bond : — Dr.  Sharp  spoke  of  the  tendency  to  sub- 
stitute the  metallic  filament  lamp,  or  the  tungsten  and  tantalum 
filaments  for  the  old  carbon  filament,  yet  in  the  Bureau  of 
5^.tandards  at  Washington,  and  other  places,  the  value  of  the  unit 
is  maintained  by  means  of  the  carbon  filament.  Is  there  a  chance 
that  the  carbon  lamps  will  not  be  manufactured  in  the  future,  or 
will  it  be  manufactured  solely  for  the  purpose  of  preserving  the 
unit  ? 
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Dr.  Sharp: — I  think  if  will  be  a  long-  time  before  the  carbon 
lamp  becomes  entirely  a  back  number.  The  metallic-filament 
lamps  are  pretty  sure  to  displace  it  to  a  certain  extent,  especially 
in  the  high  candle  power  lamps.  We  do  not  know  just  what 
we  shall  have  to  do  in  the  photometry  of  a  white  light  like- 
that  of  die  tungsten  against  a  yellow  light  like  that  of  the  carbon. 
Used  as  standards,  carbon  lamps  are  burned  below  their  normal 
temperature,  hence  their  light  is  redder  than  normal,  and  thus  the 
existing  difference  between  the  color  of  the  carbon  and  the 
tungsten  is  exaggerated.  The  characteristics  of  the  tungsten 
lamp,  as  shown  by  its  life  tests,  seem  to  indicate  that  it  will  be 
more  valuable  as  a  secondary  standard  than  the  carbon  lamp  has 
been.  It  shows  less  tendency  to  decrease  in  candle  power  with 
time,  and  I  rather  think  w^e  shall  have  to  come  to  it  as  our  best 
secondary  standard.  At  any  rate,  the  advent  of  the  tungsten 
lamp  seems  to  demand  the  maintaining  of  an  entirely  new  line 
of  sub-standards  in  tungsten  filaments,  against  which  to  photo- 
meter tungsten  lamps  commercially.  We  shall  then  have  carbon 
lamp  sub-standards,  and  tungsten  lamp  sub-standards,  which  are 
of  the  same  candle  power  as  established  once  for  all  by  measure- 
ments made  by  a  large  number  of  observers,  each  series  to  be 
used  for  its  own  particular  class  of  work.  In  this  way  photo- 
metric difficulties  due  to  physiological  causes  may  be  avoided. 
The  white  light  of  the  tungsten  lamp  makes  it  valuable  for 
standard  purposes,  because  it  comes  near  the  average  of  the 
primary  sources  of  light  at  the  present  time.  As  a  means  of 
maintaining  a  constant  source  of  light,  the  tungsten  lamp  is  in- 
valuable. 

Mr.  T.  J.  Litle,  Jr. — Mr.  Morton  mentioned  that  the  Wels- 
bach  mantle  had  to  some  slight  extent  been  considered  in  the 
way  of  a  standard.  The  gas  men  do  not  consider  it  a  standard, 
but  we  do  use  it  as  a  secondary  standard  when  photometering 
large  units,  such  as  gas  arc  lamps,  where  it  is  difficult  t(^  use  a 
small  standard,  in  which  case  we  use  a  carefully  sponged  mantle^ 
which  has  been  burned  a  long  period.  By  disposing  of  a  large 
volume  of  gas  in  a  gasometer,  and  by  regulating  that  gas  and 
feeding  it  to  a  secondary  standard,  first  determining  the  photo- 
metric value  of  the  secondary  standard,  we  then  run  through 
tests  until  we  find  the  color  of  the  standard  is  the  same  as  that 
of  the  light  to  be  measured. 
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Introduction  by  Mr.  Geo.  H.  Jones  on  'Ti-ie  House  Elec- 
trical/' AT  the  Chicago  Electrical   Show. 

The  many  recent  improvements  in  electrical  appliances  ;  the 
introduction  of  high  efficiency  lamps,  and  the  great  reduction  in 
the  cost  of  electricity  are  combining  to  put  the  ''House  Electri- 
cal" within  the  reach  of  thousands  who,  only  a  short  time  ago, 
regarded  the  use  of  electricity  a  luxury  to  be  indulged  in  only 
by  the  few. 

In  order  to  plan  properly  the  electrical  installation  for  a 
residence,  familiarity  with  complicated  curves  showing  methods 
of  determining  candle-feet,  etc.,  is  not  necessary,  but  good  judg- 
ment and  a  thorough  knowledge  of  the  requirements  must  be 
brought  into  play  in  order  to  insure  satisfactory  results.  The 
treatment  of  this  subject  may  be  divided  into  two  parts,  namely, 
the  planning  of  outlets  and  fixtures  to  be  used  strictly  for 
illumination,  and  the  placing  of  outlets  for  use  of  the  many 
household  appliances,  such  as  heaters,  motors,  etc. 

In  laying  out  the  scheme  of  illumination  two  general  con- 
siderations should  be  borne  in  mind,  namely,  the  every-day  re- 
quirements and  special  requirements,  such  as  the  illumination 
required  for  parties,  etc.  For  the  every-day  needs  an  economical 
arrangement  of  lamps  is  necessary.  The  general  illumination 
should  not  be  intense,  but  by  the  use  of  portable  lamps  strong 
illumination  may  be  secured  at  points  where  it  is  needed.  Suf- 
ficient candle-power,  however,  must  be  provided  to  give  brilliant 
illumination  when  the  house  is  open  for  the  entertainment  of 
guests. 

Much  care  and  judgment  should  be  used  in  the  selection  of 
fixtures.  The  present  tendency  is  to  place  the  lamps  high  up 
near  the  ceiling.  This  is  made  almost  a  necessity  if  the  new 
tungsten  lamps  are  to  be  used.  As  they  are  made  only  in  the 
larger  sizes,  thev  should  be  placed  out  of  the  ordinary  line  of 
vision. 

In  rooms  provided  with  a  number  of  lamps  strong  concen- 
tration reflectors  should  not  be  installed  for  general  illumination. 
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During  a  large  part  of  the  time  probably  only  one  of  the  lamps- 
will  be  in  use,  with  the  result  that  one  spot  in  the  room  will  be 
brilliantly  illuminated  to  the  detriment  of  the  rest. 

One  of  the  many  advantages  of  electricity  is  the  ease  with 
which  it  may  be  controlled.  It  is  very  desirable  therefore  to 
have  the  house  equipped  with  a  liberal  supply  of  switches.  For 
ceiling  outlets  of  five  or  more  lamps  it  is  desirable  to  provide 
two  switches  so  that  either  one  lamp  or  all  may  be  lighted. 
Where  rooms  have  two  points  of  entrance  at  a  considerable  dis^ 
tance  apart  the  ceiling  outlet  should  be  controlled  by  two  three- 
way  switches — one  at  each  entrance.  Three-way  switches 
should  also  be  provided  to  control  the  hall  and  stairway  lamps.. 
In  the  parlor  and  living  rooms  where  desired,  outlets  should  be 
provided  for  picture  lighting.  Each  outlet  should  be  placed  be-- 
hind  the  picture  and  controlled  by  a  wall  switch. 

Every  closet  should  be  equipped  with  a  lamp.  There  should 
be  either  a  pull  wall  socket  placed  on  the  inside  of  the  door 
casing  or  else  a  ceiling  outlet  controlled  by  a  wall  switch. 
Automatic  door  switches  are  convenient,  but  they  should  be  used 
in  series  with  a  standard  switch,  so  that  the  lamp  may  not  be  in 
use  when  the  door  is  left  open  for  airing  the  closet. 

Practically  all  of  the  living  rooms  of  the  house  should  be 
provided  with  baseboard  outlets  for  the  use  of  portable  lamps, 
fans,  etc.  Of  course  these  appliances  can  be  connected  to  the 
chandeliers  and  brackets,  but  when  baseboard  outlets  are  in- 
stalled the  cords  are  not  so  much  in  evidence. 

At  the  present  time  most  of  the  lighting  companies  offer- 
motor  rates  for  electricity  used  in  heaters,  etc.  It  is  very  de- 
sirable, therefore,  to  install  a  separate  meter  and  circuits  which 
can  take  care  of  this  class  of  work  so  that  advantage  may  be 
taken  of  the  lower  rate. 

In  the  ''House  Electrical"  exhibited  in  the  Coliseum  the 
Commonwealth-Edison  Company  has  endeavored  to  bring  out 
the  general  principles  outlined  in  the  above  and  also  to  show 
in  actual  operation  many  of  the  househol  1  appliances  now  on 
the  market. 

In  the  entrance  hallway  the  necessary  illumination  is  fur- 
nished from  a  center  ceiling  fixture  and  a  newel  post  fixture, 
each  being  equipped  with  50-watt  Gem  lamps.  An  electric  foot 
warmer  and  a  silk-hat  iron  are  installed.  The  center  lamp  is 
controlled  by  two  three-way  switches,  one  located  on  the  side 
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wall  and  other  on  the  stair  landing.  This  room  is  also  eqnipped 
with  a   telephone. 

In  the  living  room  there  are  two  ceiling  fixtures  each 
equipped  with  one  40-c.p.  Gem  lamp  and  eight  round  i6-c.p. 
frosted  lamps.  Each  of  these  fixtures  is  controlled  by  two  wall 
switches  so  that  either  the  center  or  outside,  or  all  lamps,  may 
be  used  at  will.  For  additional  general  illumination  four  two- 
lamp  brackets  equipped  with  20-c.p.  Gem  lamps  are  provided. 
In  addition  to  the  above  a  portable  stand  lamp  for  reading  is 
provided,  this  being  furnished  with  four  8-c.p.  lamps.  Several 
wall  receptacles  are  installed  for  supplying  electricity  for  a 
piano,  etc.  Another  feature  of  this  room  is  an  electric  grate 
which  provides  heat  without  ashes  or  dirt. 

Especial  attention  may  be  given  to  the  fixture  provided  for 
picture  lighting  in  this  room.  The  lamp  is  long  and  tubular  of 
small  diameter  with  a  single  filament  extending  from  end  to  end, 
thus  allowing  the  fixture  to  be  made  very  small,  which  is  de- 
sirable. The  outlet  connected  to  this  fixture  is  controlled  by  a 
wall  switch. 

In  the  dining  room  there  is  a  center  chandelier  equipped 
with  six  8-c.p.  round  frosted  lamps  and  one  40-c.p.  Gem  lamp. 
The  lamps  are  controlled  in  groups  by  wail  switches  placed  near 
both  doors.  In  addition  to  this  are  two  three-lamp  brackets 
equipped  with  8-c.p.  frosted  candelabra  base  lamps.  In  this 
room  there  are  also  a  coffee  percolator,  electric  chafing  dish,  and 
an  electric  tea  kettle. 

The  butler's  pantry  is  equipped  with  a  40-c.p.  Gem  lamp  in 
the  ceiling  and  a  20-c.p.  bracket  lamp.  In  this  room  there  is  a 
refrigerating  machine,  making  the  "House  Electrical"  entirely 
independent  of  the  ice  crop ;  there  are  also  in  this  room  an 
electric  plate  warmer,  electric  toaster,  electric  hot  water  heater 
and  an  electric  humidor. 

The  modern  kitchen  lends  itself  very  readily  to  the  use  of 
electricity  and  much  ingenuity  has  been  exercised  in  developing 
many  useful  appliances  to  be  used  in  it.  Special  attention  should 
always  be  given  to  the  lighting  of  kitchens.  In  the  kitchen  of 
the  "House  Electrical"  there  is  one  ceiling  lamp  for  general 
illumination  and  four  bracket  lamps  over  the  various  w^ork 
tables,  so  that  strong  light  may  be  had  where  it  is  most  needed. 
The  appliances  provided  in  this  room  consist  of  an  electric  dish 
washer,    an     electric    range    including     the     necessary     utensils. 
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broilers,  griddles,  stoves,  etc.,  electric  oven,  coffee  grinder, 
waffle  iron,  polishing  machine,  meat  grinder,  ice  cream  freezer, 
etc. 

The  laundry  is  equipped  with  a  40-c.p.  lamp  in  the  center 
and  two  20-c.p.  lamps  in  wall  brackets.  The  other  equipment 
consists  of  electric  washing  machine  with  tub  and  wringer, 
electric  flat  irons,  electric  hot  and  cold  mangles,  and  a  portable 
vacuum  cleaning  outfit. 

In  the  nursery  and  sewing  room  the  necessary  illumination 
is  obtained  by  means  of  one  three-lamp  outlet  equipped  with 
20-c.p.  lamps  and  two  two-lamp  bracket  outlets  equipped  with  2 
Hylo  lamps  and  two  20-c.p.  Gem  lamps.  In  this  room  will  be 
found  one  of  the  greatest  conveniences  of  the  day ;  that  is,  the 
electric  sewing  machine.  Other  appliances  to  be  found  in  this 
room  are  small  hot  water  heater,  a  nursery  milk  warmer  and  also 
a  number  of  electrical  toys. 

The  bed  room  is  illuminated  by  one  40-c.p.  ceiling  lamp, 
eight  brackets  with  eight  20-c.p.  lamps,  one  8-c.p.  bed  room  lamp 
and  a  portable  fitted  with  a  20-c.p.  lamp.  Special  attention  may 
be  given  to  the  brackets  in  this  room.  They  are  so  equipped  with 
attachments  that  appliances  may  be  readily  connected.  In  order 
to  accomplish  this  a  Hubbell  receptacle  is  placed  on  the  under 
side  of  the  bracket.  An  appropriate  dresser  lamp  is  provided 
so  as  to  throw  the  light  exactly  where  needed.  This  fixture 
consists  of  a  pendant  equipped  with  pull  socket.  The  bed  room 
is  equipped  with  an  electric  heating  pad,  curling  iron,  hair 
dryer,   etc. 

Some  of  the  special  features  in  the  bath  room  are  tb»? 
adjust.ible  fixtures  on  either  side  of  the  mirror  so  that  shaving 
nia\  le  done  with  comfort.  The  outlets,  c^nnected  to  those 
lamps  are  equipped  with  flush  receptacles  to  which  may  be 
attached  small  heaters,  electric  shaving  mug.  hair  dryers,  vi- 
brators, or  any  num1)er  of  other  useful  contrivances.  Baseboard 
cutlets  are  provided  for  the  use  of  electric  radi^.tors  on  cold 
mornings. 

In  the  "House  Electrical"  there  is  shown  onlv  th-:  applica- 
tion of  electricit\-  for  interior  use.  In  ])lanning  the  installation  for 
an  actual  house  one  should  not  forget  to  j^rovide  porch  lamps 
and  also  arrange  to  liglit  u])  the  driveway  and  barn.  Another 
point  whicli  might  be  mentioned  is  that  of  branch  wires.  In 
cases    where   houses   are   set   back    a   considerable   distaiic?.   frv^-m 
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the  street  and  where  the  pole  line  is  in  the  street,  it  is  very 
<lesirable  to  place  the  wires  nnderg-round  from  the  honse  to 
the  nearest  pole,  as  wires  crossing  a  lawn  overhead  shonld  he 
dispensed  with  if  possible. 

DISCUSSION. 

Mr.  Albert  Schcihlc : — Being  planned  for  exhibition  pur- 
poses, it  is  natural  that  the  lighting  fixtures  in  this  suite  of  rooms 
should  be  rather  more  elaborate  than  they  would  be  in  the 
average  house.  Now,  could  any  one  here,  perhaps  best  of  all 
Mr.  Jones,  who  is  so  deeply  interested  in  the  arranging  of  the 
wiring  for  houses  on  the  installment  payment  plan  for  the  Com- 
monwealth Edison  Company,  tell  us  just  to  what  extent  he 
would  modify  them  to  suit  the  average  purse? 

Mr.  Geo.  H.  Jones: — I  might  say  that  the  candle-power  of 
the  lamps  used  in  this  house  is  higher  than  would  actually  be 
required  in  the  average  residence,  because  of  the  surroundings 
m  this  building.  As  the  general  illumination  of  the  Coliseum  is 
so  very  intense  a  degree  of  illumination  in  this  house  on  exhil)i- 
tion  which  w^ould  be  satisfactory  in  actual  practice  would  look 
very  dim  in  comparison.  The  general  plan  of  lighting,  however, 
is  the  same  as  I  would  use  in  any  first-class  residence. 

Mr.  E.  W.  Lloyd: — The  fixtures  are  very  much  more  ex- 
pensive than  would  be  used  for  ordinary  installation.  A  very 
acceptable  ceiling  lamp  can  be  obtained  for  25  per  cent,  of  what 
those  cost,  and  a  layman  wouldn't  know  the  difference. 

Mr.  W.  R.  Bonhani : — I  am  somewdiat  disappointed  in  the 
^'House  Electrical."  I  expected  to  see  something  a  little  difi^er- 
ent  from  the  ordinary.  It  seems  to  me  we  have  here  the  ordi- 
nary method  of  lighting,  that  is,  we  have  a  great  amount  of 
light  obtained  in  the  ordinary  way.  I  hoped  to  see  something 
new  in  the  way  of  efficient  and  effective  lighting,  someUiing 
novel,  something  outside  of  using  a  great  amount  of  electrical 
energy. 

Mr.  Geo.  C.  Keech  {chairman)  : — There  is  one  very  impor- 
tant point  to  take  into  consideration,  which' is  the  fact  that  there 
IS  such  a  great  number  of  outlets,  and  it  is  not  necessary  to  have 
all   the  lamps   lighted   at  once.     In  the  bed  room,   for   instance. 
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one  lamp  could  be  used  where  needed  instead  of  a  great  number. 
A  single  lamp  could  be  used  locally,  here  and  there.  No  doubt 
man\'  of  the  outlets  were  put  in  to  show  what  can  be  accom- 
plished in  local  illumination. 

Mr.  J.  R.  Cravath : — Possibly  it  was  rather  unfortunate  for 
us  to  take  this  house  as  an  example  of  the  lighting  of  small 
houses  and  apartments,  in  view  of  the  fact  that  this  house  must 
necessarily  be  a  kind  of  a  show  affair.  The  Commonwealth 
Edison  Company  evidently  thought,  and  probably  rightly,  that  it 
was  called  upon  to  show^  something  a  little  extra  in  the  line  of 
fixtures  rather  than  something  that  would  be  put  in  the  ordi- 
nary home  of  a  citizen  of  moderate  means.  There  are,  however, 
a  number  of  points  in  connection  with  the  illuminating  engineer- 
ing" of  the  house  that  it  seems  to  me  could  be  considerably  im- 
proved upon.  Illuminating  engineering,  as  it  is  to-day,  is  largely 
a  matter  of  first  getting  the  essentials  right  and  next  watching 
the  details.  About  the  only  criticisms  I  have  on  the  house,  as  it 
stands,  are  on  details.  Beginning  with  tlie  bath  room ;  there  is 
an  adjustable  fixture  on  each  side  of  the  mirror  by  which  one  can 
lower  or  raise  the  lamp  so  the  light  will  shine  under  the  chin  of 
a  man  who  wants  to  shave  or  on  the  top  of  the  head  of  the 
woman  who  wants  to  see  whether  her  hair  is  properly  arranged. 
The  fixture  is  excellent.  However,  there  is  a  piece  of  glassware 
there  which  nine  times  out  of  ten  in  practice  will  be  found  out 
of  adjustment.  It  is  a  shallow  half  shell  shade.  Frequently  such 
a  shade  will  be  fotmd  accidentally  turned  in  the  holder  so  that 
the  light  shines  in  a  person's  eyes.  The  fixture  should  be  equip- 
ped with  some  kind  of  diffusing  globe  covering  the  whole  lamp. 
In  the  bed  room  there  are  two  table  lamps  which  remind  one  of 
the  kerosene  lamp  age ;  of  the  days  when  there  were  unshaded 
kerosene  lamps  standing  around  promiscuously  on  tables  w^ith  un- 
diffused  light  shining  in  one's  eyes.  It  seems  to  me  that  the 
arrangement  should  not  be  commended.  Dense  opal  on  art  glass 
or  silk  should  be  used  on  table  lamps.  As  far  as  I  can  learn, 
there  is  no  reflector  over  the  lamps  in  any  of  the  ceiling  bowl 
fixtures,  and  consequently  there  must  be  considerable  loss.  They 
could  easily  be  equipped  with  an  opal  or  some  kind  of  opaque 
reflector  that  would  reflect  the  light  down  where  needed  and  waste 
less  in  the  upper  part  of  the  room.  In  the  bed  room,  the  lady's 
dressing  table  which  has  a  bracket  on  each  side  about  5.5  ft.  high 
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(a  proper  height  for  a  person  standing),  should  have  the  brackets 
considerably  lower  for  a  person  sitting.  In  the  laundry  and  also  in 
the  kitchen  the  side  brackets  over  the  tables  (about  5.5  ft.  high) 
are  very  low.  The  result  is  the  lamp  is  on  a  level  with  the  eye 
of  the  worker.  The  Holophane  reflectors  used  do  not  shade  the 
lamps  sufficiently.  A  dense  opal  or  an  entirely  opaque  reflector 
should  be  used  there.  The  Holophane  bowl  reflector  in  the 
centre  of  the  ceiling  kitchen  is  well  chosen.  There  is  an  even 
distribution  of  light  over  most  of  the  kitchen,  and  the  same  is 
true  in  the  laundry.  The  dining  room  with  its  ring  of  six  lamps 
over  the  table  requires  more  electrical  energy  than  would  be  per- 
missible in  a  small  house. 

Mr.  G.  A.  Stickney: — The  points  which  have  been  brought 
out  so  far  have  to  do  very  largely  with  the  competition  between 
the  demands  of  economy  on  one  side  and  the  demands  of  beauty 
en  the  other.  Of  course,  it  is  necessary  to  maintain  a  house 
within  an  expense  which  the  owner  can  aft'ord.  On  the  other 
hand,  it  is  to  be  remembered  that  the  house  is  a  home  in  which 
particularly  the  lady  members  of  the  family  are  compelled  to  spend 
a  large  portion  of  their  time.  The  home  should,  therefore,  be 
made  as  beautiful  and  attractive  as  possible.  I  presume  the 
Commonwealth  Edison  Company  had  this  in  mind  in  designing 
the  ''Model  House."  From  a  very  casual  observation  it  seems 
to  me  that  the  designers  have  been  successful  in  producing  a 
beautiful  result  In  applying  illuminating  engineering  to  house 
lighting,  the  production  of  pleasing  effects  is  usually  more  im- 
portant than  obtaining  maximum  intensity  of  illumination  or 
maximum  economy.  Take,  for  instance,  the  lighting  of  a  living 
room  from  lamps  on  the  ceiling  or  the  side  walls.  The  ceiling  light- 
ing, we  all  know,  is  more  economical  for  the  production  of  general 
illumination.  The  side  lighting,  however,  is  often  more  suitable 
ni  producing  a  pleasant  effect.  Another  instance  where  the  effect 
is  important  is  in  the  lighting  of  the  dining  room  table ;  a  strong 
central  high  lamp  should  be  avoided.  With  such  a  lamp  the 
shadows  tend  to  emphasize  the  lines  of  the  face,  making  the 
diners  appear  tired.  The  result  counteracts  the  good  cheer  which 
should  go  with  a  dinner. 

An  example  of  misapplied  illuminating  engineering  came 
to  my  attention  some  time  ago.  An  illuminating  engineer  planned 
the  lighting  of  a  house  for  a  wealthy  lady,  specifying  a  light- 
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ing  system  which  was  undoubtedly  economical  as  far  as  the  pro- 
duction of  an  even  illumination  of  high  intensity  for  a  moderate 
cost  was  concerned.  The  engineer  had,  however,  ignored  the 
aesthetic  effects.  The  client  objected  to  the  plans,  and  when  they 
had  been  modified  to  conform  with  the  effects  desired  the  econ- 
omical illuminating  engineering  had  practically  been  lost.  This 
instance  illustrates  a  tendency  to  which  an  engineer  is  some- 
times liable  on  account  of  the  great  weight  given  to  economy  in 
ordinary  engineering  problems.  In  this  connection,  I  would  like 
to  mention  a  paper  which  was  read  at  a  recent  meeting  of  the 
New  York  Section  by  Mr.  Bassett  Jones,  Jr.  The  paper  demon- 
stated  the  necessity  of  making  a  lighting  plan  conform  with  the 
general  design  of  the  building.  I  believe  that  illuminating 
engineers  are  inclined  to  give  too  little  weight  to  these  considera- 
tions. 

Mr.  Scheihle: — In  regard  to  the  bed  room  with  three  lamps 
at  the  mirror,  it  seems  to  me  that  the  matter  of  lighting  has  been 
somewhat  overdone.  Most  of  us  have  not  even  become  familiar 
with  the  use  of  a  bracket  lamp  on  each  side,  and  I  found  a  case 
recently  where  a  single  drop  lamp  with  a  powerful  reflector  gave 
surprisingly  good  results,  but  it  seems  to  me  that  three  of  them 
would  not  be  needed  in  any  ordinary  case. 

Mr.  Liidzvig  Kemper: — Undoubtedly  all  of  us,  especially  of 
the  smaller  cities,  have  looked  with  a  great  deal  of  interest  on 
the  house  of  the  Commonwealth  Edison  Company  here.  It  is 
very  beautiful,  but  it  is  not  an  equipment  that  can  be  used  in 
the  small  towns,  simply  for  the  reason  that  there  is  nobody  in 
town  that  can  afford  to  pay  the  cost  of  an  outfit  of  that  kind. 
Now,  what  we  would  like  to  hear  is  what  the  local  company 
here  is  doing  in  wiring  and  installing  fixtures  in  houses  for  people 
of  moderate  means,  or  even  of  small  means,  because  that  is  the 
case  with  which  we  have  to  deal  every  day.  The  other  case  is 
more  or  less  exceptional. 

Mr.  Jones'. — We  wire  a  finished  house  complete  and  furnish 
first-class  fixtures,  spreading  the  cost  over  a  period  of  two  years. 
This  plan  is  proving  very  popular.  We  have  contracts  for  both 
first-class  large  houses  and  small  cottages.  All  fixtures  are  first- 
class  but  some  arc  heavier  and  a  little  more  elaborate  than  the 
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Others,  although  the  entire  Hue  is  plain.  We  have  been  carrying 
on  this  campaign  for  the  last  few  months  and  have  contracted 
for  about  5,000  lamps,  mostly  in  small  installations.  The  work 
is  done  in  a  first-class  manner,  the  wiring  being  run  in  either 
flexible  or  rigid-iron  conduit,  as  the  case  may  require.  The  aver- 
age cost  of  wiring  on  the  deferred  payment  plan  is  about  $7.50 
a  lamp,  including  wiring  and  fixtures. 

Mr.  Schciblc : — There  is  one  point  I  have  not  heard  men- 
tioned here  tonight  in  regard  to  this  exhibition  suite  of  rooms, 
and  that  is  the  evident  departure  from  the  old  gas  arrangements 
in  manv  of  the  rooms.  I  was  all  the  more  impressed  with  it, 
because  a  few  days  ago  in  going  through  a  series  of  patents  on 
electrical  fixtures,  dated  about  twenty  years  ago.  I  found  that  al- 
most all  of  them  refer  to  ways  of  attaching  eleclric  lamps  to  gas 
fixtures  or  combining  them  so  as  to  make  the  two  together,  and  I 
think  most  of  the  houses  we  go  in  nowadays  are  suffering  from 
that  practice.  Many  of  the  lamps  in  this  house  are  located  where 
it  would  be  impossible  to  use  gas  without  seriously  blackening  the 
ceiling. 

Mr.  J.  M.  Strasscr: — With  reference  to  combination  fixtures 
for  resident  lighting,  I  find  that  in  recent  practice  the  gas  open- 
ings are  entirely  separate.  The  architect  almost  always  specifies 
that  gas  openings  shall  be  separate  openings  (especially  in  the 
larger  and  more  modern  residences)  and  not  made  combination. 
In  a  bed  room,  for  instance,  that  has  tfiree  or  four  electric  lamp 
openings,  that  room  may  have  one  combination  fixture,  but  in 
a  great  many  cases  gas  fixtures  will  be  specified  separately.  In 
this  way  there  is  obtained  a  very  good  arrangement,  and  at  the 
same  time  the  customer  has  gas  for  use  in  an  emergency.  Five 
or  six  years  ago  there  were  very  few  architects  who  gave  the 
builder  or  property  owner  much  assistance  in  finding  the  best 
distribution  of  electric  lamps,  but  in  the  09 st  few  years  or  so,  it 
has  been  very  different.  The  fact  is  that  better  results  are  being 
obtained  because  architects  find  it  necessary  to  employ  electrical 
engineers  in  their  drafting  department.  I  also  find  that  the  illu- 
minating Society  has  been  of  great  assistance  to  the  Central  Sta- 
tion men  in  advising  as  to  the  distribution  of  light. 

Mr.  Schciblc:— Mv.  Cravath  criticised  table  lamps  in  the 
bed  room.     ^Nlav  I  ask  how  he  would  arrange  them? 
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Mr,  Cravath: — I  would  install  a  i6-c.p.  lamp  with  a  globe 
which  does  not  diffuse  any  better  than  the  slightly  frosted  chim- 
ney used  on  other  lamps  on  a  table  lamp.  Of  course  it  is  in 
keeping  with  the  rest  of  the  glassware,  but  it  should  not  be  en- 
couraged by  us  as  illuminating  engineers.  Dense  opal  or  art- 
glass  shades  should  be  used  over  table  lamps.  In  the  ordinary 
bed  room,  however,  there  is  not  very  much  need  for  portable 
lamps.  In  this  case  I  suppose  they  were  put  in  there  for  appear- 
ances sake. 

Mr.  H.  V.  Von  Hoist: — The  architect  does  not  design  the 
lighting  just  to  fit  his  own  taste,  but  he  takes  into  consideration 
the  taste  and  the  mode  of  living  of  his  client.  Furthermore, 
some  interiors  of  residences  are  brilliantly  illuminated  and  others 
are  kept  in  mellower  light.  In  planning  lighting,  therefore,  the 
architect  has  to  take  into  consideration  the  color  scheme,  the 
general  design  and  scheme  of  decoration,  and  the  desirability 
of  diffused  lighting  having  spots  of  light  by  means  of  fixtures 
or  a  combination  of  the  two.  First  of  all,  however,  he  must  be 
familiar  with  the  different  schemes  of  lighting,  he  must  know 
the  different  reflectors,  shades  and  lamps  and  their  proper  uses, 
in  order  that  he  can  plan  the  most  efficient  and  up-to-date  lighting. 
With  this  fundamental  knowledge — a  knowledge  he  can  well 
acquire  by  contact  with  a  Society  like  this — he  will  be  able  to 
design  in  harmony  with  the  decorative  scheme  of  the  various  in- 
teriors. From  my  point  of  view  I  am  very  glad  that  I  belong 
to  this  society,  and  I  think  the  architects  are  going  to  see  more 
and  more  the  importance  of  the  scientific,  economic  and  aesthetic 
study  of  lighting  schemes,  such  as  is  advocated  and  encouraged 
by  this  society. 

Mr.  C.  R.  Gihnan : — One  of  the  most  important  lamps  in  the 
*'House  Electrical"  has  not  been  mentioned,  namely,  a  reading  * 
lamp,  situated  either  over,  or  at  the  side,  of  the  head-board  of 
the  bed.  When  a  man  comes  home  tired  at  night  I  know  of  no 
electrical  device  that  gives  him  more  satisfaction  than  a  good 
reading  lamp  over  his  bed.  Moreover  this  lamp,  conveni- 
ently controlled  by  a  switch  or  long  chain  pull  socket,  becomes 
invaluable  during  an  emergency. 

Mr.  C.  A.  Howe: — The  reading  lamp  in  the  bed  room  com- 
mented on  has  been  misplaced.     In  the  nursery  over  the  child's 
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bed  there  is  a  reading  lamp  that  perhaps  should  be  in  this  room. 
Since  the  nursery  is  for  children  under  the  reading  age,  I 
am  unable  to  appreciate  why  there  should  be  a  reading  lamp^ver 
the  bed  in  this  room. 

Mr,  Kemper: — In  the  average  house  the  lady  is  the  boss. 
Now,  in  many  places,  the  house  is  cleaned  twice  a  year,  which 
means  not  only  cleaning  the  house,  but  a  general  tearing  up  and 
moving  around  of  chairs  and  beds,  dressers,  and  everything.  The 
result  is  that  in  the  spring  and  in  the  fall  wire  men  are  kept  busy 
moving  brackets  all  over  the  house,  which  is  a  very  unprofit- 
able business.  Then  when  the  customers  get  the  bill  they  kick 
about  the  cost  for  moving  the  brackets.  This  explains  why  we 
do  not  favor  brackets. 
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EFFECTS  OF  LIGHT  UPON  THE  EYE. 


By  Dr.  H.  H.  Seabrook^  Member. 


It  is  manifestly  impossible  to  know  what  effect  light  may  have 
upon  the  eye  without  knowing  something  about  the  structure  of 
the  eye.  In  the  schematic  anterior-posterior  section  of  the  eye  pre- 
sented in  Fig.  1,  and  the  description  thereof  only  enough  of  the 
anatomy  is  given  for  an  understanding  of  the  references  which 
follow  later. 

The  transparent  anterior  part  of  the  eye,  the  cornea  and  the 
lens  behind  it,  are  the  main  factors  in  focussing  rays  of  light 
upon  the  membrane  lining  the  eyeball,  the  retina,  forming  within 
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Fig.  1— Schkmatic  Am  ekiok-Postekiok  Sec  tion  ok  the  Eve. 

it  an  inverted  image  of  any  object  toward  which  the  eye  may  be 
directed.  The  sensation  from  this  image  is  carried  by  fibres  in 
the  retina  and  optic  nerve  to  the  brain  and  there  interpreted 
according  to  education  and  experience.  The  posterior  layer  of 
the  retina  consists  of  cells  filled  with  pigment  which  absorbs  light. 
The  whole  process  which  occurs  in  the  retina  under  the  action 
of  light  is  one  of  disassimilation,  and  repair  takes  place  in  the  dark. 
The  pigment  layer  extends  forward  over  the  ciliary  processes  and 
forms  the  posterior  layer  of  the  iris.  The  ciliary  processes  are 
folds  rich  in  blood  vessels  and  nerves.  They  furnish  a  low  grade 
nutrition  for  the  lens,  and  their  veins  must  remove  waste  tissue, 
including  pigment  disassociated  from  the  cells  by  the  action  of 
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light;  when  much  work  of  this  sort  is  required  the  process  may 
be  painful.  The  ciliary  body  consists  of  the  ciliary  processes  and 
the  ciliary  muscle,  which  latter  contracts  and  allows  the  lens  to 
become  more  convex  so  that  near  objects  may  be  seen.  This 
process,  called  accommodation  for  near  objects,  may  result  in 
pain  about  the  ciliary  region  from  strain  of  the  ciliary  muscle 
when  near  use  of  the  eyes  is  too  long  continued.  As  an  optical 
instrument  the  eye  is  defective.  It  has  chromatic  aberration, 
spherical  aberration,  and  other  forms  of  irregular  astigmatism, 
usually  measurable,  and  regular  astigmatism,  and  other  refractive 
errors  peculiar  to  the  individual.  These  errors  when  not  cor- 
rected cause  irradiation  of  light  with  the  eyeball,  with  consequent 
irritation,  because  rays  are  not  properl}  focussed.  When  eyes 
are  corrected  with  glasses,  excessive  and  irregular  action  of  the 
ciliary  muscle  is  often  removed,  but  since  irradiation  of  light  is 
bettered  and  glass  filters  or  stops  the  chemical  rays,  the  ones  in- 
jurious to  eyes,  it  is  difficult  to  separate  eye  strain  due  to  light 
from  that  due  to  accommodation. 

That  the  delicate  retina  is  not  often  badly  injured  or  actually 
destroyed  by  sunlight  must  have  caused  comment  among  early 
observers  in  physiological  optics,  as  the  difference  between  heat, 
luminosity  and  chemical  action  from  light  was  long  ago  recog- 
nized. The  discovery  of  the  composition  of  white  light,  the  de- 
velopment of  photograph,  the  oft  mentioned  similarity  of  the  eye 
and  the  camera,  and  the  recognition  of  the  ultra-violet  rays,  evi- 
dently set  men  thinking  anew  about  the  natural  defences  of  the 
eye  against  such  a  powerful  destructive  agent  as  light.  There  are 
three  methods  of  protection  plainly  in  evidence.  These  are  partial 
or  complete  closure  of  the  lids ;  the  action  of  that  circular  curtain, 
the  iris,  especially  when  its  central  aperature,  the  pupil,  is  nar- 
rowed by  exposure  to  light,  and  lastly,  the  frequent  movement  of 
the  eyeball  so  that  any  one  portion  of  the  retina  may  not  be 
fatigued  from  too  long  exposure  to  white  or  colored  light. 
Anatomists  exaggerated  the  power  of  endurance  of  the  pigment 
layer  in  the  absorption  of  light,  yet  even  then  it  was  hard  to  see 
how  the  retina  escaped  as  well  as  it  did. 

In  1845  Brucke  tried  the  effects  of  ultra-violet  rays  upon  tine- . 
ture  of  guiac,  directly,  and  after  passing  through  the  media  of  the 
eye  of  the  ox,  and  found  that  these  rays  were  largely  absorbed  by 
the  lens  and  to  a  less  degree  by  the  other  media  and  the  cornea. 
Donders,  eight  years  later,  concluded  that  the  lens  had  no  power 
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of  absorption  of  ultra-violet  rays,  since  the  fluorescence  of  quinine 
solution  from  these  rays  was  apparently  no  less  when  sunlight  was 
filtered  through  the  lens  of  the  pig,  sheep,  or  ox  than  through 
glass.  Ultra-violet  rays  do  not  pass  through  glass  witliout  loss 
and  de  Chardonnet  showed  later  that  different  results  occurred 
according  to  species.  The  human  lens  absorbs  spectral  light  at 
the  H  line  and  absorption  is  complete  at  L  or  M.  Helmholtz,  in- 
fluenced by  Bonders,  concluded  that  the  absorption  power  of  the 
animal  lens  was  small,  but  when  experiments  were  made  upon 
animals  in  which  the  lens  of  one  eye  had  been  removed  and  that  of 
the  other  left,  and  the  electric  light  was  brought  into  use,  as  well 
as  sunlight,  and  the  results  upon  the  different  eyes,  as  observed 
by  many  careful  men,  tabulated,  no  doubt  was  left  as  to  the  re- 
sults. In  1904  Birsch-Hirschfeld  took  up  the  matter  after  nearly 
twenty  years'  time  had  elapsed  since  other  investigations  but  with 
most  painstaking  work  was  able  to  do  little  more  than  confirm 
principles  already  established.  Certain  things  seem  worthy  of 
mention,  although  only  a  brief  general  review  of  the  results  is  . 
possible  here.  The  damagfe  to  the  external  parts  of  the  eye,  in- 
cluding the  lens,  is  directly  proportionate  to  the  strength  of  cur- 
rent and  length  of  exposure.  With  a  current  of  three  to  four  and 
a  half  amperes  from  a  Finsen  lamp,  with  the  iron  cooled  by 
water  so  that  the  lamp  was  not  hot  to  the  skin,  chemical  changes 
were  produced  in  eyes  in  four  or  five  minutes.  These  were  a  cer- 
tain puffiness  and  change  of  color  of  the  anterior  coats  except  the 
cornea,  with  slight  cloudiness  of  the  cornea  and  shedding  of  cells 
covering  its  posterior  surface,  and  congestion  and  discoloration 
of  the  iris.  The  layer  of  cells  lining  the  anterior  capsule  of  the 
lens,  from  which  its  fibres  are  formed,  also  showed  injury.  In- 
flammation followed  twelve  to  twenty-four  hours  after  exposure 
and  subsided  in  four  or  five  days,  although  eyes  were  not  normal 
for  four  or  five  weeks,  even  when  they  escaped  permanent  dam- 
age. The  protection  from  the  lens  varied  greatly  in  different 
individuals.  Exposure  to  ultra-violet  rays  caused  damage  to  the 
ganglion  cells  of  the  retina  in  one-half  to  one  hour  in  eyes  with- 
out the  lens  and  with  a  longer  exposure  in  eyes  retaining  the 
lens.  With  repeated  exposures,  even  if  the  chemical  light  was  not 
very  intense,  cataract  would  be  formed.  This  opacity  of  the 
lens  would  then  be  permanent.  Spectral  rays  of  sufficient  in- 
tensity cause  damage,  but  the  blue,  and  still  more  the  violet  rays 
are  the  really  harmful  ones. 


SEABROOK  :  EFFECTS  OF  LIGHT  UPON  THE  EYE        1 59 

Disintegration  and  disassociation  of  the  cells  in  the  pigment 
layer,  occurring  from  exposure  to  light,  are  at  a  minimum  in 
yellow  light.  A  natural  suspicion  that  heat  rays  cause  damage  to 
the  eyes  has  never  been  confirmed ;  discomfort  may,  perhaps,  be 
caused  by  them,  but  no  tissue  changes. 

Injuries  to  the  eye  occur  to  the  human  race  from  both  natural 
and  artificial  light.  The  best  known  of  these  is  snow-blindness, 
due  to  exposure  to  reflected  light  from  snow  in  a  clear  and  rari- 
fied  atmosphere.  Chemical  rays  are  absorbed  by  atmospheric 
dust,  and  the  "yellow  sunlight"  is  safer  for  eyes  than  the  clear 
white  light  of  the  sun.  To  the  objective  signs  given  previously, 
as  seen  in  rabbits'  eyes  exposed  to  the  Finsen  light,  are  added 
gritty  sensations,  from  the  inflammation  of  the  lids,  and  impaired 
vision,  or  complete  blindness.  The  same  results  follow  exposure 
to  strong  electric  light,  and  about  the  year  1890  medical  journals 
had  many  reports  of  such  cases  due  to  the  arc  light.  Such  results 
still  obtain,  but  as  they  occur  mostly  among  workmen  who  know 
that  the  damage  to  the  eye  usually  causes  little  if  any  permanent 
impairment  of  sight,  medical  advice  is  not  frequently  sought. 
Those  exposed  have  learned  how  to  protect  their  eyes  better  than 
formerly,  and  no  doubt  such  cases  occur  proportionately  less 
often  than  formerly.  Exposure  to  direct  sunlight  is  so  evidently 
injurious  that  it  is  avoided,  although  occasionally  bad  results 
occur  from  recklessness  in  viewing  an  eclipse.  A  permanent 
defect  in  the  centre  of  the  retina,  just  where  the  sun's  image  was 
focussed,  is  often  the  result.  In  persons  struck  by  lightning  or 
where  exposed  to  very  bright  electric  flashes,  eye  troubles  similar 
to  those  above  noticed  may  occur,  and  an  opacitv  of  the  lens  some- 
times results. 

The  severe  injuries  to  the  eyes  from  light  already  mentioned 
liave  but  little  practical  bearing  upon  the  work  of  illuminating 
engineers.  No  one  expects  the  demand  for  brilliant  light  upon 
streets  or  in  public  buildings  to  be  ignored,  and  the  flaming  arc 
lamps,  Moore  tubes  and  Welsbach  street  burners,  each  in  its 
particular  sphere,  to  be  replaced  by  kerosene  lamps.  There  are 
many  other  things  to  be  considered  in  lighting  large  areas  beside 
the  eyes,  which  may  be  protected  from  too  powerful  light  fairly 
well  by  frequent  changes  in  their  position  and  consequent  rest  to 
the  exposed  portions  of  the  retina. 

Illumination  for  near  work,  however,  is  in  a  most  unsatisfac- 
torv  state.     Our  country  leads  the  world,  apJparently,  in  the  bril- 
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lianc}'  of  its  artificial  illumination  and  certainly  leads  the  world 
in  ocular  exhaustion,  discomfort  and  congestion. 

When  gas  came  into  general  use  these  troubles  began  to  in- 
crease, and  a  further  increase  was  in  evidence  as  the  incandescent 
electric  lamp  came  more  and  more  into  fashion.  Both  here  and 
abroad,  oculists  agree  that  the  kerosene  burner  is  the  least  harm- 
ful artificial  illuminant.  They  might  leave  the  word  artificial  out 
with  propriety,  for  no  damage  has  been  traced  to  kerosene  light. 
The  most  satisfactory  light  is,  no  doubt,  daylight  (not  sunlight) 
a  few  feet  within  a  closed  window  on  a  bright  day.  In  this  light, 
finer  lights  and  shadows  and  delicate  colors  may  best  be  distin- 
guished by  healthy  eyes.  A  greater  distance  from  the  source  of 
light  diminishes  vision,  and  even  taking  away  the  protection  of 
the  window  glass,  causes  more  dazzling  and  decreased  retinal- 
endurance.  The  adaptibility  of  the  eye  is  small  for  increased 
illumination,  and  the  limits  of  increase  of  vision  with  stronger 
light  is  within  the  medium  limits  of  illumination.  The  light 
should  come  from  the  rear  and  left  and  fall  upon  the  object.  If 
the  latter  has  a  glazed  surface  which  reflects  white  light,  fatigue 
is  more  rapid  than  with  a  dull  surface,  for  below  the  surface  of 
objects  chemical  ra3^s  are  absorbed  and  color  and  visibility  is  due 
to  that  portion  of  the  white  light  which  is  not  absorbed  but  re- 
turned to  the  eye  from  below  the  surface. 

Analyses  of  light,  as  published,  are  difficult  to  comprehend 
by  one  who  is  ignorant  upon  the  subject.  Daylight,  or  sunlight, 
is  a  variable  standard  to  take  without  further  definition  or  ex- 
planation of  the  conditions.  Meyer's  analysis,  as  given  b\'  Cohen, 
has  violet  in  the  electric  (arc)  light  as  .3  to  daylight  1.,  and  as 
given  by  Staerkle,  1.  An  analysis  published  by  the  Acetylene 
Company  gives  for  the  violet  in  the  arc  light  1.  to  1.  for  sunlight, 
Staerkle  gives,  for  gas,  violet  .1;  Cohen,  .3;  the  Acetylene  Com- 
pany, 1.15.  Let  us  suppose  that  one  table,  giving  the  kerosene 
burner  as  very  weak  in  violet  rays,  is  correct,  and  another  with 
ostensibly  the  same  standard,  omitting  kerosene,  is  correct  in 
giving  the  electric  incandescent  lamp  what  is  meant  to  be  the  dis- 
credit of  weakness  in  violet  rays  as  compared  to  the  other  illumi- 
nants ;  we  must  then  look  for  contributary  causes  which  have 
caused  the  incandescent  lamp  to  give  rise  to  more  chronic  eye 
degeneration  and  disturbance  than  any  other  light  used  for  near 
work.  Acetylene  may  be  thrown  out  on  account  of  lack  of  oppor- 
tunitv  for  much  damage.     The  image  of  the  brilliant  filament  of 
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the  incandescent  lamp,  with  its  concentration  of  Hght,  must  harm 
the  retina  more  than  the  more  diffuse  images  of  flames ;  the 
benefit  from  ground  glass  globes  for  this  light,  when  the  eyes  are 
exposed  to  its  direct  rays,  must  be  partly  due  to  diffusion  of  the 
light.  Without  ground  glass,  this  light  is  more  steadily  brilliant 
than  kerosene,  gas,  or  the  gas  mantle  burner,  and  there  is  less 
chance  for  retinal  recuperation.  Ground  glass  reduces  all  the 
rays  of  the  light  about  twenty-five  per  cent.  In  searching  for 
other  causes  of  trouble,  we  note  that  the  moveable  kerosene  lamp 
may  be,  and  is  usually,  placed  in  a  good  position  to  illuminate  the 
object,  while  the  incandescent  electric  lamp  is  usually  not  well 
placed,  often  in  offices  being  rigidly  fixed  so  that  either  the  eyes 
must  be  subject  to  direct  light,  or  the  head  must  be  bent  forward 
for  w'ork,  congesting  the  eyes.  No  amount  of  green  on  a  tin 
shade  will  correct  this  improper  permanent  position  of  the  lamps. 
Again,  we  notice  how  very  thin  the  glass  bulb  of  the  incandescent 
is  compared  with  the  lamp  chimney,  and  since  glass  of  five  milli- 
meters thickness  absorbs  twenty-nine  per  cent  of  the  chemical 
rays  of  sunlight  at  an  angle  of  60  degrees  (Hankel),  we  conclude 
we  have  another  element  of  trouble,  as  chemical  rays  are  ab- 
sorbed by  glass  in  proportion  to  its  thickness.  y 

The  Welsbach  mantle  changes  the  ordinary  gas  flame,  with  its 
marked  excess  of  red,  to  a  cold  light,  deficient  in  that  color.  It 
is  less  irritating  to  some  eyes  than  other  lights,  but  more  irritat- 
ing to  others. 

Many  substances  absorb  chemical  rays  and  allow  luminous 
rays  to  pass.  For  practical  purposes  there  seems  no  need  to  con- 
sider any  of  them  except  glass  as  a  protection  for  the  eyes  from 
the  intrinsic  brightness  of  too  intense  light.  Neither  does  there 
seem  any  question  that  yellow  is  the  color  to  choose  to  conserve 
-or  improve  vision  and  protect  the  eyes  from  the  chemical  action  of 
light.  Globes  may  be  used  of  pink,  orange,  red,  or  green,  as  de- 
sired, when  the  light  may  be  diminished  in  luminous  qualities. 
It  is  best  to  choose  for  protective  purposes  that  shade  of  yellow 
which  appears  in  the  best  ray  filters  or  is  shown  in  the  glass  used 
for  modifying  the  light  of  developing  rooms  for  photographic 
plates.  This  amber  yellow  may  be  darkened  by  a  brown  admix- 
ture for  weak  or  diseased  eyes,  or  unusual  light  exposure.  It  is 
^difficult  to  manufacture  without  imperfections,  and  the  supply 
slowly  follows  the  demand. 
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That  the  study  of  illumination  for  practical  purposes  is  dif- 
ficult no  one  will  deny.  The  difficulty  of  conveying  knowledge 
about  light,  even  if  one  possesses  it,  must  be  great,  for  there  is 
no  definite  language,  as  of  medicine,  for  instance.  Newton  first 
separated  light  into  primary  colors,  and  he  also  advocated  the 
corpuscular  theory  of  Descartes ;  and  after  more  than  two  cen- 
turies we  use  Newton's  language  and  speak  of  chemical  rays  in 
order  to  be  understandable,  and  compound  such  sentences  as 
"Since  the  wave  lengths  at  the  violet  end  of  the  spectrum  are- 
but  half  the  length  of  those  at  the  red,  twice  as  many  chemical 
rays  as  heat  rays,  from  white  light  enter  the  eye  during  the  same 
period  of  time."  When  we  speak  of  light  in  general,  we  usually 
mean  light  with  infra-red,  spectral  and  ultra-violet  effects.  Light 
rays  may  mean  the  visable  spectrum,  or  the  luminous  vellow. 
The  expression  primary  colors  has  just  been  used.  It  meant  then 
the  seven  colors  to  be  distinguished  in  the  spectrum  by  many 
eyes,  or  the  six  that  can  be  recognized  by  the  others.  It  is  fre- 
quently applied  to  the  fundamental  pigment  colors,  red,  yellow 
and  blue,  from  which  all  other  pigment  colors  may  be  produced 
by  mixing;  or  the  fundamental  spectral  colors,  red,  green  and 
violet. 

Illuminating  engineers  are  not  entirely  satisfied  with  standards 
of  measurement  of  light ;  they  would  be  still  more  confused  if  the 
visual  standards  which  oculists  have  used  for  many  years  should 
be  presented  to  them.  Vision  for  distance  only  has  been  consid- 
ered, and  the  apparent  contradictions  in  facts,  the  long  descrip- 
tions of  investigations  by  Germans,  often  followed  by  conclusions 
entirely  at  variance  with  the  premises ;  the  conclusions  of  others, 
especially  Americans,  upon  no  premises  at  all ;  make  "laws,"  as 
they  were  formerly  called  in  these  studies,  rather  diflficult  to  for- 
mulate. In  the  j)resent  instance,  you  are  asked  to  believe,  what 
many  of  you  already  know,  that  the  desire  for  intensity  of  light 
has  been  already  overdone  as  regards  the  good  of  the  eyes.  The 
small  but  increasing  portion  of  the  consumers  who  wish  a  light 
that  is  soft  to  the  eyes  ought  to  be  encouraged. 

As  regards  deductions  to  be  drawn  from  this  paper,  they  are 
not  difficult.  Lights  weak  in  chemical  rays  are  better  suited  to 
the  eyes  than  others.  Present  lights  may  be  improved  by  attention 
to  position,  including  the  distance  of  the  source  of  light  from  the 
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eyes,  as  measured  by  the  course  of  the  rays,  and  protection  of 
eyes  by  glass  properly  colored. 

Take  the  spectrum  of  daylight  through  a  window,  and  that  of 
kerosene,  argand,  Welsbach  and  incandescent  electric  lamps,  from 
just  where  you  would  sit  to  use  them  for  near  work,  see  what 
shade  of  amber  yellow  glass  it  takes  to  cut  off  the  blue  and  violet 
rays,  and  you  will  find  under  those  conditions  the  kerosene  burner 
at  one  end  of  the  list  and  the  incandescent  filament  at  the  other. 


Discussion  of  Dr.  Seabrook''s  Paper  Before  the  New  Eng- 
land Section. 

Mr.  J.  S.  Codman  : — This  paper  has  brought  up  a  matter  that 
has  not  been  much  considered  in  illuminating  engineering.  A 
great  deal  of  stress  has  been  laid  upon  the  efficiency  and  proper 
directing  of  light,  and  the  question  of  diffusion  with  ground  glass 
globes,  etc.,  has  been  considered  somewhat,  but  the  question  of 
color  has  been  comparatively  little  taken  up,  and  this  paper  is 
therefore  very  welcome. 

Dr.  Louis  Bell: — The  paper  is  exceedingly  welcome  here,  as 
calling  strong  attention  to  the  necessity  of  taking  care  of  our 
eyes  in  the  way  of  due  protection.  Perhaps  the  one  particular 
thing  to  which  I  was  very  glad  to  have  Dr.  Seabrook  call  atten- 
tion was  the  chemical  side,  so  to  speak,  of  vision.  People  who 
approach  problems  of  this  sort  purely  from  the  physical  side  have 
generally  travelled  on  Helmholtz's  theory  of  vision,  which  is  as 
satisfactory  as  any  up  to  a  certain  point,  but  this  has  rather 
diverted  attention  from  the  fact  that  probably  the  action  of  light 
on  the  eye  is  photo-chemical  action  of  some  sort.  Whether  that 
is  intermediary  will  probably  be  left  for  further  discussion,  but 
that  the  process  itself  is  photo-chemical  there  can  be  no  reason 
to  doubt.  Now  if  this  is  true,  it  is  interesting  to  inquire  as  to 
what  rays  chiefly  affect  the  eye.  In  other  words,  if  the  eye  is 
photo-chemically  sensitive,  as  a  sensitized  plate,  to  what  rays 
is  it  most  sensitive?  That  question  is  a  perfectly  simple  one. 
It  has  been  answered  many  times  and  all  the  answers  where  the 
investigation  has  been  pursued  along  rigid  lines  have  led  to  the 
same  result.  Regarded  as  a  sensitive  plate  the  retina  is  the  most 
perfect  case  of  ortho-chromatism  known,  because  it  gives  good 
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sensitiveness  over  a  fairly  large  range  without  any  intermediary 
regions  in  which  the  sensitiveness  is  small.  Ordinary  ortho- 
chromatic  plates  usually  give  a  weak  streak  in  the  green.  The 
eve  is  most  sensitive  in  the  yellow.  Consequently  (and  here  is 
the  important  part  of  that  programme)  the  actinic  rays  of  the 
spectrum  as  regards  their  effect  on  the  retina,  are  not  the  blue, 
the  ultra-violet  or  the  red  rays.  The  strongly  actinic  rays  lie  in 
tlie  central  part  of  the  spectrum  which  is  the  brightest.  Other- 
wise high  luminosity  would  be  found  in  these  other  colors. 
From  that  follows  another  thing — that  the  minimum  expenditure 
of  energy  produces  the  maximum  result  of  vision  in  the  central 
part  of  the  spectrum,  and  from  that  follows — according  to  the 
line  which  Dr.  Seabrook  very  interestingly  laid  down  regarding 
tlie  recuperative  action  of  the  eye — that  the  eye  receives  a  maxi- 
mum of  impression  with  a  minimum  of  energy  when  that  energy 
is  in  approximatel}'  the  yellow  or  the  bright  part  of  the  spectrum. 
If  this  is  so — and  here  I  am  going  somewhat  into  hypothesis — 
it  is  altogether  probable  that  the  efficiency  of  the  photo-chemical 
process  is  highest  just  at  this  point  and  again  the  eye  should 
with  the  minimum  recuperative  effort  recover  from  the  effort  of 
seeing  when  the  light  is  in  this  central  region  of  the  spectrum. 
That  I  think  is  the  reason  for  the  extremely  satisfactory  results 
that  have  been  obtained  sometimes  by  the  use  of  amber  glass. 
It  simply  means  that  when  the  light  is  filtered  through  amber 
glass  the  maximum  effect  for  seeing  purposes  is  produced  on  the 
eye  with  the  minimum  of  recuperative  effort.  This  would 
account  for  the  very  satisfactory  result  of  the  amber  glass  with- 
out introducing  any  hypothesis  whatever  as  to  the  possible  effect 
of  an  excess  of  ultra-violet  rays  in  sufficient  quantities  to  do 
<lamage.  Certainly  the  ultra-violet  is  most  preposterousl\-  in- 
effective in  producing  vision.  The  luminous  stimulus  in  the 
ultra-violet  and  blue  is  remarkably  weak  just  as  in  the  extreme 
red,  so  there  is  a  perfectly  adequate  reason  for  the  effectiveness 
of  amber  glass  in  shielding  the  eye  by  softening  the  light  without 
introducing  any  hypothesis  whatever  as  to  its  probable  value  in 
cutting  off  the  blue  as  such.  It  is  to  be  noted  that  the  blue  rays 
have  frequently  been  regarded  as  unpleasant  and  harmful.  How 
far  that  is  true  with  moderate  intensities  I  do  not  know.  There 
is  every  reason  to  believe  that  the  ultra-violet,  unless  it  is  in- 
tense, is  not  particularly  dangerous,  although  it  can  produce  very 
bad  results,  because  common  daylight,  everywhere  agreed  upon 
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as  by  far  the  most  comfortable  light,  is  enormously  richer  in 
proportion  of  blue  and  ultra-violet  radiation  than  any  artificial 
save  that  from  the  quartz  mercury  arc,  or  the  Finson  lamp,  or 
possibly  the  Titanium  arc,  so  that  a  moderate  amount  of  blue 
rays  can  hardly  be  considered  injurious,  although  there  is  no 
question  from  experiments  that  Dr.  Seabrook  has  cited  that  very 
serious  results  may  occur.  The  only  lamp  that  I  know  of  that  has 
produced  these  effects  accidentally  is  the  Heraeus  quartz  mercury 
lamp.  Thus  merely  from  the  questions  of  energy  spent  on  the 
eye,  of  luminous  return  and  of  probably  minimum  effort  or  re- 
cuperation, the  central  rays  of  the  spectrum,  the  rays  of  highest 
luminosity,  other  things  being  equal,  should  be  most  satisfactory 
for  seeing  purposes ;  but  one  must  not  suppose  that  even  these 
can  be  used  ad  libitum  without  some  risk.  I  have  no  doubt  that 
some  of  the  flaming  arcs  which  give  light  almost  entirely  in  the 
central  region  would  produce  very  disastrous  results  by  retinal 
exhaustion  unless  the  light  were  softened.  There  is  another 
importarlt  thing  to  which  Dr.  Seabrook  called  attention.  You 
may  compare  two  shades,  one  of  which  softens  the  light  and 
the  other  does  not,  and  the  glassmakers  do  not  seem  to  under- 
stand why.  For  instance  Dr.  Seabrook  mentions  certain  types 
of  glass  which  let  through  a  good  deal  of  light.  They  will  allow 
the  outline  of  the  filament  to  be  seen  at  its  greatest  brilliancy. 
As  shades,  although  apparently  semi-opaque,  they  are  dismal 
failures.  On  the  other  hand  glass  which  looks  at  least  as 
translucent  may  be  thoroughly  satisfactory.  For  instance,  the 
6-in.  globes  which  were  installed  in  the  halls  of  this  building  have 
a  shielding  shade  which  really  does  shield,  because  even  the  bare 
filament  of  an  incandescent  is  hid,  so  that  the  globe  is  practically 
an  illuminated  ball.  I  hope  the  manufacturers  of  glassware  will 
take  Dr.  Seabrook's  remarks  to  heart,  for  we  certainly  need  for 
these  modern  illuminants  a  thoroughly  diffusing  globe,  and  my 
experience  has  shown  that  it  is  very  hard  to  find  a  thoroughly 
diffusing  globe  which  does  not  cut  down  the  light  too  much.  I 
wish  the  glass  people  would  read  this  paper  and  reflect. 

Prof.  H.  E.   Clifford. — There  are  one  or    two  points    that 

appeal  to  me  as  requiring  more  specific  explanation.     I  am  not 

quite  clear  as  to  the  last  statement  in  the  paper,  as  to  why  it  is 

that  this  particular  shade  of  amber->ellow  glass  is  ineflicient  in 

-cutting  oft*  the  uhra-violet  light  from  the  incandescent  filament. 
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I  wonder  whether  the  list  of  lamps  which  Dr.  Seabrook  intends 
to  include,  placing  a  kerosene  lamp  at  one  end  and  the  incan- 
descent filament  at  the  other,  would  embrace  the  mercury-arc 
lamp.  I  had  supposed  that  the  amount  of  ultra-violet  light  given 
off  is  in  some  degree  comparable  with  the  temperature,  and  it 
is  difficult  for  me  to  appreciate  why  the  incandescent  filanient, 
running  at  a  temperature  lower  than  that  of  the  arc,  should 
apparently  have  a  greater  percentage  of  the  violet  light,  which 
is  apparently  unaffected  by  this  particular  absorbing  medium. 
Again  to  give  a  specific  illustration,  there  has  been  much  argu- 
ment in  regard  to  the  relative  merits  of  the  incandescent  lamp 
and  the  Moore  tube  and  the  mercury-arc  lamps,  and  it  has  been 
urged  in  some  quarters  that  the  mercury-arc  lamp  is  eminently 
satisfactory  to  the  eye,  containing  no  red  rays.  That  seems  to 
be  in  contradiction  to  the  results  brought  out  in  this  paper  which 
appeal  to  me  with  a  great  deal  of  force  because  they  are  based 
on  scientific  observation.  It  seems  to  me  therefore  that  if  the 
light  from  the  mercury-arc  lamp  is  restful  and  satisfactory  to 
the  eye,  it  must  be  due  to  some  cause  other  than  the  absence  of 
the  red  rays.  It  would  seemingly  be  a  result  of  the  statement 
here  made  that  the  ultra-violet  light  in  which  the  mercury  arc  is 
particularly  rich  would  be  extremely  harmful  in  its  effect  upon 
the  eye.  This  brings  up  again  the  question  of  the  physiological 
effect  and  its  bearing  upon  the  whole  science  and  art  of  illum- 
inating engineering,  and  I  can  only  repeat  what  I  have  said  on 
former  occasions,  that  papers  of  this  character  are  extremely 
important  to  this  society. 

Dr.  Seabrook. — I  would  answer  your  question  if  I  could, 
but  the  fact  is  I  know  practically  nothing  about  the  mercury-arc 
lamp.  As  regards  the  other  question,  I  will  try  to  answer  that, 
and  this  will  perhaps  answer  also  one  of  Dr.  Bell's  questions. 
The  paper  dealt  with  the  lamps  which  had  been  most  in  use 
for  reading,  etc.  Up  to  the  time  of  writing  this  paper,  for  which 
I  could  make  no  extra  preparation,  I  had  only  an  experience 
with  these  lamps,  and  with  the  ordinary  spectroscopic  examina- 
tions which  the  photographer  uses,  and  with  the  cutting  off'  of 
the  blue  and  violet  rays  by  some  medium  such  as  the  yellow 
glass.  As  regards  the  arc  lamp,  T  left  that  out  as  being  un- 
doubtedly more  trying  to  the  eyes.  It  was  long  ago  rejected 
for  reading  purposes,  so  that  it  did  not  enter  into  consideration.. 
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Regarding  the  subject  of  daylight,  if  the  standard  of  dayhght  of 
Helmholtz  is  taken,  this  modified  Hght  on  the  north  side  of  the 
house  where  the  sun  does  not  shine,  I  do  not  find  by  my  some- 
what crude  methods  that  this  dayhght  is  as  rich  in  chemical 
rays  as  even  the  light  from  a  gas  lamp.  Mr.  Miller  presented 
a  chart  in  New  York  showing  that  in  daylight  the  percentage  of 
chemical  light  is  larger,  even  after  passing  through  several  glass 
prisms.  Now  of  course  diffusion  of  daylight  makes  a  differ- 
ence, but  there  is  no  difficulty  in  cutting  off  the  violet  light  with 
the  number-three  amber  yellow  glass,  with  daylight  as  I  have  put 
it  here.  Consequently  it  is  not  as  rich  in  that  way  as  the  light 
from  the  Argand  burner  and  the  incandescent  lamp.  I  cannot 
reconcile  weak  chemical  action  of  light  from  the  incandescent 
lamp  as  w^e  use  it  with  the  extreme  difficulty  in  cutting  off  the 
violet  rays.  One  can  produce  perfectly  good  results  if  the  lamp 
is  at  a  distance  from  yellow  glass,  but  not  in  the  usual  position 
for  near  use.  The  light  of  the  incandescent  is,  if  you  choose  to 
say  so,  attacked  here  as  injurious,  because  the  lamp  has  come 
into  such  common  use.  It  is  a  lamp  which  has  come  to  stay, 
I  suppose,  and  with  all  the  investigations  and  improvements  in 
effects  there  must  be  some  way  of  eliminating  the  injurious 
effects  and  to  find  some  proper  method,  if  I  have  not  suggested 
one. 

Prof.  H.  E.  Clifford. — According  to  the  results  stated  it 
would  appear  that  a  light  rich  in  red  rays  and  longer  wave 
lengths  is  less  injurious  to  the  eye  than  those  rich  in  shorter 
waves.  I  want  to  ascertain  whether  that  is  the  firm  belief  of  Dr. 
Seabrook. 

Dr.  Seabrook : — It  is  not  my  firm  belief  that  the  longest 
wave  lengths  are  best,  and  I  base  that  on  the  fact  that  the  red 
rays  have  not  the  same  luminous  properties  as  the  yellow. 
Photographers  have  much  less  discomfort  in  developing  with 
yellow  light,  and  red  is  not  a  comfortable  color  for  the  eyes.  I 
did  not  mean  to  claim  that  gas,  first  brought  into  use  115  years 
ago,  is  an  ideal  illuminant.  It  is  a  flickering  illuminant  and 
might  be  better.  I  thought  that  gas  has  had  enough  said  against 
it  and  was  being  pushed  to  the  side  perhaps.  I  do  not  know 
whether  gas  is  rich  or  not  in  the  violet  rays.  It  is  certainly  rich 
in  the  red  rays  and  it  gives  discomfort  to  some  eyes. 
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Prof.  CHiford. — I  would  like  to  ask  whether  there  has  been 
any  investigation  in  regard  to  the  relative  disintegration  of  the 
cells  for  the  so-called  chemical  rays? 

Dr.  Seahrook : — As  compared  with  the  red  or  heat  rays, 
no ;  luminous  rays,  yes.  They  do  not  cause  the  same  disintegra- 
tion. 

Prof.  Clifford: — Is  there  any  means  of  comparison  of  the 
effect  of  the  light  containing  an  excess  of  the  long  waves  as 
contrasted  with  the  shorter  wave  lengths? 

Dr.  Seahrook: — Only  as  shown  by  other  .persons.  Some 
eyes  are  more  sensitive  to  heat  than  the  thermometer  would 
show.  Sensation  in  the  human  body  cannot  be  measured  by 
any  instrument. 

Mr.  A.  T,  Sampson: — Does  the  high  intrinsic  brilliancy  of 
the  filament  and  its  close  contact  to  the  eye  enter  as  causes  for 
the  damage  done  by  incandescent  lightning?  Is  it  not  the  case 
that  in  the  mercury-arc  lamp  there  is  less  intrinsic  brilliancy  due 
to  the  larger  surface? 

Dr.  Seahrook : — There  is  a  low  intrinsic  brilliancy  to  the 
mercury-arc  vapor.  The  high  intrinsic  brilliancy  probably  has 
a  great  deal  to  do  with  the  damage.  I  think  in  the  damage 
from  the  light  of  the  incandescent  lamp,  as  I  have  observed  it, 
a  great  deal  of  the  trouble  comes  from  faulty  position.  When 
the  light  falls  upon  the  object  properly  there  is  not  much  trouble. 
This  is  one  of  the  most  important  things  of  all  perhaps.  I  did 
not  dwell  upon  that,  as  I  suppose  it  to  be  generally  known. 

Dr.  A.  E.  Kennelly. — This  paper  is  of  marked  importance  to 
a  body  such  as  ours,  which  has  the  peculiar  position  of  com- 
bining engineering  with  the  industrial  regulation  and  supply  of 
the  commodity  light,  which  is  a  physiological  stimulus.  It  is 
of  the  greatest  importance  that  we  should  keep  in  touch  with 
the  information  which  physiology  may  have  to  convey  to  us  upon 
the  action  of  light  on  the  human  eye. 

One  of  the  most  extraordinary  changes  which  modern 
civilization  has  brought  about  has  been  in  regard  to  the  intensity 
of   illumination,  and  the  total  quantity  of  artificial   light  which 
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we  employ.  Looking  back  upon  the  portraits,  descriptions,  and 
models  of  lamps  which  were  used  by  our  forefathers,  it  is  evident 
to  the  illuminating  engineer  that  the  total  quantity  of  light 
employed  in  a  roqm  two  or  three  centuries  ago  must  have  been 
relatively  very  small,  and  the  average  foot-candles  in  buildings 
must  have  been  microscopic  in  comparison  with  those  now 
ordinarily  employed.  Every  decade  and  almost  every  year  of 
the  last  two  decades  has  seen  a  steady  increase  in  the  average 
illumination  during  the  working  hours  of  the  night,  and  has 
seen  an  increase  in  the  number  and  power  of  the  illuminants 
which  engineers  have  been  able  to  supply  at  a  price  within 
general  command.  It  occasions  no  surprise  that  the  medical 
men  are  now  coming  forward  to  tell  us  that  it  is  time  to  call 
a  halt  and  that  damage  is  being  done  to  many  eyes.  It  is  impor- 
tant that  we  should  obtain  a  thorough  understanding  from  them 
as  to  the  nature  and  extent  of  the  evil,  and  that  we  should  see 
what  can  be  done  to  check  its  increase. 

We  learn  from  Dr.  Seabrook's  paper  that  red  rays,  which 
are  of  relatively  low  frequency,  are  not  physiologically  dan- 
gerous. We  also  learn  that  violet,  or  the  shorter  and  relatively 
high  frequency  rays,  are  physiologically  dangerous.  No  infor- 
mation seems  to  be  forthcoming  as  to  the  relative  physiological 
influence  of  the  intermediate  rays  of  the  spectrum,  orange, 
vellow,  and  green.  It  seems  reasonable  to  suppose  that  these 
intermediate  rays  are  physiologically  hurtful  when  they  fall  on 
the  retina  beyond  a  certain  degree  of  intensity,  although  not  as 
injurious  as  the  same  degree  of  intensity  of  violet.  Conse- 
quently, in  considering  the  subject  of  injury  to  the  eye  by 
artificial  sources  of  light,  we  should  take  into  consideration  the 
effects  of  the  orange,  yellow,  green,  and  blue  rays,  as  well  as  the 
influence  of  the  violet  rays  in  the  visible  spectrum. 

Probably  when  translucent  screens  are  applied  to  the  eye  so 
as  to  protect  it  from  the  excessive  glare  of  artificial  light,  the 
best  screen  is  one  which  arrests  the  violet  rays,  but  allows  the 
bulk  of  the  other  visible  colors  of  light  to  pass  through.  This 
would  be  for  the  reason  that  the  violet  rays  are  least  needed  in 
working  with  artificial  light,  whereas  they  are  the  most  capable 
of  injuring  the  eye  when  in  excessive  intensity.  It  is  reason- 
able, however,  to  believe  that  no  such  screen  can  be  a  complete 
protection  to  the  eye  that  is  working  with  great  intensities  of 
orancre.   green-  ^r    blue    light.     It   is   also   probable    that    pro- 
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tection  to  the  eye  might  be  secured  equally  well  by  shading  the 
lamps  in  the  vicinity  of  the  observer's  eye,  so  as  to  prevent  an 
excessive  intensity  of  any  color  of  illumination  from  injuring 
the  retina.  In  other  words,  a  man  wearing  tilted  glasses  which 
completely  cut  off  the  violet  rays  of  an  incandescent  lamp  might 
still  be  in  danger  of  hurting  his  eyes  if  he  sat  at  his  desk 
immediately  facing  a  vividly-incandescent  lamp  which  poured  a 
powerful  beam  of  red,  yellow,  and  green  rays  upon  his  retina. 
Would  it  not  be  probable  that  if  this  injurious  incandescent  lamp 
were  moved  to  a  position  in  which  its  light  would  not  pass 
directly  upon  the  man's  eyes  at  his  desk,  or  if  the  lamp  were 
shaded  in  such  a  manner  as  to  keep  the  local  intensity  of 
stimulus  on  the  retina  down  to  a  safe  limit,  safety  might  be 
secured?  Considering  the  fact  that  many  draftsmen  employ  the 
blue  rays  of  the  mercury-vapor  lamp  without  injury,  it  would 
seem  that  the  blue  rays  are  not  necessarily  injurious,  unless  their 
intensity  at  the  eye  is  excessive. 

If  we  consider  Dr.  Seabrook's  paper  as  a  plea  for  protecting 
the  eye  from  unnecessary  stimulus  of  any  color,  and  particularly 
an  excessive  stimulus  of  violet,  we  can  all  endorse  it  heartily; 
but  in  the  absence  of  further  physiological  evidence  as  to  the 
safety  of  yellow,  green,  and  blue  light,  I  should  not  consider  that 
injury  to  eyes  is  attributable  exclusively  to  violet  rays. 

Mr.  R.  C.  Ware. — Since  the  red  rays  undoubtedly  are  as 
uncomfortable  as  the  violet,  I  should  be  very  much  obliged  to 
Dr.  Sealbrook  if  he  could  settle  the  point  whether  they  are  in- 
jurious. Anyone  who  has  sat  in  the  balcony  of  a  theater  when 
the  red  foot-lamps  suddenly  lighted  up  for  a  sunset  or  sunrise 
scene  will  remember  how  very  painful  the  red  light  was- — verv 
much  more  so  than  the  white  light  which  is  commonly  seen.  If 
the  red  rays  really  are  hurtful,  we  ought  to  consider  them  as  well 
as  for  those  at  the  violet  end  of  the  spectrum. 

Dr.  Bell. — Dr.  Kennelly  asked  concerning  the  actual  relative 
proportions  of  radiation  in  the  light  from  some  of  the  common 
illuminants.  Sir  William  Abney,  who  made  probablv  more 
measurements  than  anybody  else  in  the  field  on  the  character  of 
color  radiation,  gives  the  relative  amount  of  blue  and  violet  in 
the  diffused  skylight  as  three  to  one  compared  with  the  light 
from   the   open   arc   or   with   direct   sunlight.     In   other   words, 
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the  sky  is  well  known  to  derive  its  blue  color  from 
selective  scattering  of  extreme  violet  rays,  so  that  the 
diffused  skylight  from  the  clear  sky  is  relatively  about 
three  time^  as  strong  in  violet  as  in  sunlight.  It  is  much  less 
brilliant  absolutely,  so  that  when  the  rays  reach  the  retina  the 
concentration  of  energy  in  the  image  formed  on  the  retina  is 
very  much  lower  in  the  case  of  the  skylight  than  it  is  with  the 
light  from  any  of  the  artificial  illuminants,  and  I  take  it  the 
power  of  the  eye  to  recover  from  an  over-stimulation  would  be 
consequently  much  greater  as  the  concentration  of  energy  was 
less.  In  other  words,  the  less  rapidly  the  eye  has  to  take  care  of 
this  excess  of  energy  the  more  easily  it  recovers,  Vvdiich  would, 
1  think,  explain  the  apparent  ease  of  using  conspicuously  Blue 
light  such  as  sky  light,  without  any  difficulty  at  all  in  the  way  of 
eye  strain.  Whatever  the  character  of  the  energy  that  falls 
upon  the  eye,  the  constructive  action,  if  the  eye  is  to  remain  in 
good  condition,  must  quickly  balance  the  destructive  action  which 
produces  the  photo-chemical  changes  which  result  in  difficulty. 
If  light  energy  falls  with  extreme  power  upon  the  retina,  con- 
ditions might  be  reached  where  the  eye  could  not  stand  it,  and 
might  break  down  completely,  which  unfortunately  has  been  the 
case  in  many  instances. 

With  respect  to  the  mercury  arc,  one  very  prominent  Boston 
oculist  stated  some  time  ago  that  he  observed  a  few  cases  of 
serious  injury  to  the  eyes  from  the  use  of  mercury  arc,  all 
coming  from  one  place  where  the  arc  was  systematically  used,  so 
that  I  am  afraid  we  cannot  quite  acquit  it,  although  it  has  a  some- 
what lower  intrinsic  brilliancy  than  the  arc.  When  used  in  a 
glass  tube  it  has  some  violet  rays.  When  used  in  the  extremely 
powerful  quartz  tube,  as  in  Germany,  one  would  imagine  that 
the  enormous  excess  of  ultra  violet  rays  would  be  very  difficult  to 
take  care  of. 

Mr.  John  Campbell. — I  ask  Dr.  Seabrook  if  he  has  made  any 
experiments  with  the  Tungsten  lamp,  and  also  whether  he  would 
advise  anything  other  than  the  dead  white  of  the  porcelain 
reflectors   for   street  lamps. 

Mr.  Wm.  Clark. — Would  it  not  serve  the  purpose  about  as 
well  to  diminish  the  candle  power  or  intrinsic  brilliancy  (to 
protect  tired  eves)    as  to  go  to  the  more  elaborate  method    of 
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cutting  off  certain  color  rays  by  amber  colored  shades  or  glasses  ? 
What  is  the  ratio  of  the  intrinsic  brilliancy  of  the  Welsbach 
mantle  as  com])ared  with  that  of  the  incandescent  carbon  tila- 
ment  ? 

Prof.  Clifford. — T  hope  the  distinction  will  be  made  per- 
lectlv  clear  between  the  physical  effect  due  to  tlie  breaking  down 
of  the  cells  in  the  retina — that  is  what  we  may  call  the  physio- 
logical eft'ect,  and  the  psychological  effect,  which  is  purely  one  of 
discomfort.  There  are  certain  lamps  whose  light  makes  us 
uncomfortable,  not  because  it  breaks  down  the  cells,  but  for  some 
purely  psychological  reason,  and  it  seems  to  me  that  point 
should  be  clearly  emphasized. 

Dr.  Scahrook. — Several  questions  have  been  asked  which 
only  a  man  who  has  practiced  medicine  for  twenty-six  or  seven 
years  would  try  to  answer.  Anybody  else  would  have  to  say  he 
did  not  know.  The  question  as  to  how  to  make  the  distinction 
between  the  psychological  action  and  the  action  upon  the  eye 
could  not  be  answered  directly  for  the  reason  that  the  retina  is  a 
part  of  the  brain,  but  when  we  see  the  bull's  action  under  a  red 
rag  we  do  not  suppose  that  it  is  due  to  the  effect  of  the  heat  rays 
in  the  red  upon  the  bull's  eye.  The  color  irritates  him.  It  may 
irritate  his  retina  or  his  brain.  The  retina  is  really  a  part  of 
the  brain,  so  that  one  could  not  separate  irritability  in  the  case 
of  red  rays  on  the  retina  from  the  psychological  effect  which 
undoubtedly  has  been  shown.  That  this  line  of  thought  brings 
up  the  discussion  as  to  why  red  is  the  first  color  seen  by  an 
infant  as  claimed  by  one  scientist,  who  explains  that  the  longer 
v/ave  lengths  are  first  distinguished  from  the  short  ones,  and 
the  ancient  Greeks  had  no  color  but  red  in  their  language.  As 
regards  the  selection  of  reflectors,  of  course  that  is  a  question 
for  experiment.  I  do  not  know  how  reflectors  could  be  im- 
proved, but  probably  the  surface  should  be  slightly  tinted. 
Books  can  be  bettered  by  having  a  slightly  brownish  or  yellowish- 
brown  tint  for  the  paper.  It  is  well  known  that  the  eyes  are  less 
fatigued  by  this  color.  Prof.  Tait,  in  speaking  of  photometry, 
has  said  that  it  is  fundamentally  impossible  to  find  the  equality 
of  lights  that  have  a  different  quality.  I  know^  of  no  way  to 
have  an  accurate  comparison  of  luminosity  of  the  different  colors. 
1  believe,  however,  that  on  the  lines  I  have  laid  down  tonight  suf- 
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ficient  accuracy  may  be  attained.    Of  course  from  an  illuminating 
engineering  standpoint  the  work  is  very  incomplete,  but  outside  of 
the  fundamental  inaccuracy  of  photometry  I  call  your  attention 
to  one  thing,  both  for  the  benefit  of  this  section  and  that  in  New 
York,  and  that  is  the  positive  uselessness  of  taking  daylight  or 
sunlight   as   a   standard   without   other   qualifications.     Dr.    Bell 
spoke  of  a  recent  analysis,  but  the  analysis  of  Cohen,  Meyer,  the 
Acetylene  Company,  etc.,  all  show  the  electric  arc  lamp  as  con- 
taining an  equal  amount  of  violet  rays  as  compared  with  daylight 
or  sunlight,  as  the  case  may  be.     I  do  not  doubt  that  the  other 
analysis  is  superior  to  these,  but  a  modified  daylight  standard  is 
the  point  that  I  am  inclined  to  insist  upon.     I  ask  you  simply 
to  consider  not  only  the  question  of  the  injury  that  comes  from 
sunlight,  but  the  positive  external  injury  that  comes   from  the 
action  of  the  rarified  light,  etc.,  as  seen  from  mountain  tops.     I 
think  very  few  persons  could  go  out  in  the  open  air  on  a  bright 
day  and  view  the  blue  light  of  the  sky  for  any  considerable  time 
without  discomfort.     We  are  constantly  avoiding  daylight  at  sea 
and  on  land,  and  yet  are  compelled  to  use  daylight  as  a  standard. 
Our  eyes  have  adapted  themselves  to  daylight  and  there  is  a 
good  deal  in  that.     The  question  of  race  may  be  mentioned  as 
suggestive.     Why  are  the  blonde  races  in  the  cold  region — why 
are   the   well    pigmented   races   in  the    warm    countries?     The 
negroes  do  not  need  clothes  to  protect  them  from  the  sun,  because 
the  pigment  absorbs  the  light.     The  eyes  of  the  darker  races  are 
pained  when  exposed  to  light,  when  they  have  been  injured  by 
breaking  down  of  the  cells  because  the  media  do  not  absorb  chem- 
ical light.     Exhaustion  of  the  eye  may  be  caused  by  too  pro- 
longed  use   of  the   eyes,   even  with   luminous  rays   alone.     The 
pathological  processes  have  never  been  proven  or  known  to  be 
due  to  luminous   rays.     I   believe  discomfort  is   frequently  due 
to  red  rays,  but  tissue  changes  have  never  been  caused  by  red 
rays.    The  puffiness  about  the  eyes  has  never  been  proven  to  be 
due  to  these  rays,  and  the  reason  that  this  has  not  been  more 
investigated  is  because  it  was  taken  as  a  matter  of  course  by  the 
investigators  that  no  serious  trouble  could  come  from  that  end  of 
the  spectrum  which  has  the  long  wave  lengths.     I    ma\-    have 
interpreted  that  wrongly,  but  none  of  the  investigators  seem  to 
have  believed  that  red  rays  are  injurious  to  the  eyes. 


Discussion  of  Dr.  Seabrook's  Paper  Before  the 
New  York  Section. 

Mr.  E.  L.  Elliott. — This  paper  is  one  of  the  most  valuable 
that  has  been  presented  before  the  Society,  for  many  reasons, 
but  particularly  in  view  of  the  fact  that  alleged  improvements  in 
the  production  of  light  have  been  very  numerous  during  the  past 
year  or  two.  I  say  alleged  improvements,  because,  whereas  they 
are  no  doubt  improvements  in  point  of  mere  efficiency,  which  is 
the  point  which  investigators  have  been  working  for,  they  are  of 
doubtful  value  when  used  in  the  manner  that  the  old  light- 
sources  have  been  used,  so  far  as  their  effect  upon  the  eye  is 
concerned.  The  continual  aim  has  been  to  get  whiter  light.  That 
is  a  natural  incident  to  getting  light  at  higher  efficiency, 
that  is,  light  emanating  from  an  incandescent  substance  at 
higher  temperature;  and  the  higher  the  temperature  the  more 
blue  and  violet,  to  say  nothing  of  the  ultra  violet  and  chemical 
rays,  does  the  light  contain.  Some  of  the  light-sources  that  have 
appeared  within  recent  years  have  even  been  approximately 
monochromatic  blue,  and  yet  we  have  been  assured  by  those  who 
have  used  these  new  light-sources,  that  they  have  felt  no  discom- 
fort to  their  eyes.  Such  opinions,  however,  are  not  always  re- 
liable. 

The  fact  that  the  new  and  more  efficient  light-sources  are 
coming  into  more  general  use  brings  to  the  illuminating  engineer 
and  the  manufacturers  a  new  problem,  that  is,  to  discover  a 
method  of  modifying  the  light  from  these  sources  so  as  to  reduce 
the  elements  of  danger,  or  eliminate  them  altogether.  Heretofore 
the  single  use  of  a  globe  was  to  soften  or  diffuse  the  light,  so 
as  to  prevent  glare ;  the  use  of  a  reflector  to  direct  the  rays  in 
some  more  useful  path  than  they  would  naturally  have.  But 
with  light-sources  that  are  rich  in  the  harmful  rays,  the  question 
of  the  lamp  covering,  whether  it  be  a  reflector  or  a  globe,  must 
involve  a  study  of  the  absorption  of  the  dangerous  rays. 

The  possibility  of  making  glass  that  will  absorb  the  danger- 
ous blue,  violet  and  ultra-violet  rays  is  a  matter  which  has  almost 
been  neglected.  I  dare  say  no  manufacturer  of  glass  has  given 
it  any  particular  thought,  at  least  in  this  country,  but  I  see  no 
theoretical  reason  why  such  glass  should  not  be  made. 

T  have  observed  in  front  of  a  grate  fire,  where  surely  the 
blue-violet  rays  must  be  very  weak,  a  burning  sensation  of  the 
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•eye-ball,  which  1  have  always  attributed  to  heat  rays ;  this  may 
be  a  mistake,  but  it  is  one  of  the  reasons  I  have  for  assuming 
that  heat  rays  are  also  injurious. 

On  the  other  hand,  I  had  a  serious  experience  with  blue  or 
violet  rays,  years  ago,  experimenting  fearlessly  with  an  arc 
lamp,  so  that  I  can  speak  personally  of  the  bad  effects  of  violet 
rays. 

I  am  not  sure  that  the  introduction  of  the  valuable  new 
lamps  will  improve  matters,  for  there  seems  to  be  an  inclination 
to  maintain  the  number  of  watts  and  increase  the  candle  power 
proportionately.  I  have  not  yet  heard  any  large  claims  for  8-c.p. 
and  i6-c.p.  high-efficiency  lamps.  There  are  40-watt  lamps  and 
150-watt  lamps;  what  we  want — and  no  matter  how  important 
these  other  matters  may  seem  at  first — what  we  are  bound  to 
have  in  the  end,  is  the  best  illumination.  To  produce  the  best 
possible  illumination  from  the  light  sources  available  is  the  par- 
ticular province  of  the  illuminating  engineer,  and  the  neld,  there- 
fore, for  the  exercise  of  his  genius  seems  to  me  to  be  a  very 
promising  one. 

Mr,  A.  J.  Marshall. — Last  year  in  giving  a  series  of  illustrated 
lectures,  I  was  compelled  to  stand  facing  a  stereopticon  lantern 
for  several  nights  for  a  period  of  about  two  hours  each  night, 
with  the  result  that  after,  and  sometimes  before,  I  had  finished 
the  lecture,  my  eyes  gave  considerable  trouble — acute  pains  and 
severe  headaches.  After  experimenting  with  various  densities  of 
amber  glass,  I  was  able  to  secure  a  set  of  eye  glasses  equipped 
with  this  glass  which  would  permit  of  my  facing  the  stereopticon 
without  any  apparent  evil  effect,  while  lecturing  or  after  I  had 
finished.  I  cannot  be  too  strong  in  my  praise  for  this  type  of 
glass  when  used  for  such  purposes. 

Dr.  Valk. — Since  the  small  intense  electric  lamp  is  the  only 
illuminant  which  will  form  after  images  on  the  retina  when  the 
eye  is  moved  about  in  the  field  of  observation,  it  goes  without 
saying  that  a  too  intense  light  will  not  be  tolerated  by  the  retinal 
elements.  Dr.  Seabrook  has  shown  what  degree  of  illumination 
is  essential  for  reading,  and  that  will  not  be  injurious  to  the 
ocular  apparatus,  but  we  must  turn  to  the  medical  side  and  con- 
sider what  conditions  of  the  eyes  will  always  tolerate  this  con- 
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^taiit  use.  I  fully  believe  that  nature  has  given  to  some  a  perfect 
normal  eye,  with  the  retina  at  the  proper  focal  distance.  Under 
these  conditions  it  makes  little  difference  what  may  be  the  source 
of  the  illumination  provided  it  is  within  reasonable  bounds.  When 
the  eve  is  one  with  abnormal  refraction  there  is  liable  to  be  cer- 
tain symptoms  of  eye-strain.  We,  as  physicians,  must  look  to 
your  society  to  give  us  the  best  and  the  clearest  light  for  the 
illumination  of  our  books,  and  we  must  endeavor  to  so  correct 
the  abnormal  refraction  that  the  eyes  may  be  used  with  con- 
tinued comfort.  When  a  patient  comes  to  us  to  complain  of  eye 
strains  the  first  thing  he  says  is  "I  work  under  an  electric  lamp.'' 
But  we  find  that  other  men  working  at  the  same  desk  under  the 
same  lamp  and  have  perfectly  normal  eyes,  have,  never  com- 
plained of  eye  strains. 

Mr.  Preston  S.  Millar. — Dr.  Seabrook  arraigns  modern  il- 
luminants  on  three  specific  charges :  First,  high  intrinsic  brilliancy  ; 
second,  bad  location,  and  third,  preponderance  of  short  wave- 
length light,  which  he  classes  as  "chemical  rays."  Now,  this 
Society  is  practically  committed  to  a  campaign  against  light 
sources  of  high  intrinsic  brilliancy  and  against  poor  location  of 
light-sources.  The  resultant  injurious  efifects  are  recognized  and 
guarded  against  wherever  an  illuminating  enigneer  does  his  work 
intelligently. 

The  third  charge  appears  to  me  to  lack  substantiation.  We 
must  accept  Dr.  Seabrook's  statement,  and  it  is  undoubtedly 
true  that  ''chemical  rays"  produce  injury  to  the  eyes,  but  whether 
this  injury  occurs  in  the  practice  of  modern  illumination  is  the 
question  in  which  the  illuminating  engineer  is  interested.  It  is 
not  a  question  whether  ultra-violet  light  thrown  on  the  eye  for 
experimental  purposes  produces  these  efifects.  The  question  is, 
does  the  short  wave-length  light  as  given  by  modern  illuminants 
result  in  marked  injury  to  the  eye  under  the  conditions  of  general 
use? 

In  order  to  consider  this  intelligently,  I  have  prepared  some 
spectro-photometric  curves  from  a  Physics  Manual,  which  has 
been  compiled  by  Prof.  E.  L.  Nichols,  of  Cornell.  These  curves 
are  probably  substantially  correct,  and  are  undoubtedly  so  nearly 
correct  that,  as  far  as  the  point  I  have  in  mind  is  concerned, 
they  could   result  in    no    misconceptions.     The    horizontal    line 


DISCUSSION 


177 


representing  unity,  is  taken  as  the  radiation  throughout  the 
visible  spectrum  from  an  open  flame  gas  lamp.  The  carbon  fila- 
ment incandescent  lamp  is  not  discussed  in  the  Manual,  but  it 
is  so  nearly  identical  with  the  open  flame  gas  lamp,  that  I  have 
ventured  to  group  the  two  together  on  this  diagram.     Curve  W 
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shows  the  spectro-photometric  values  of  a  ''yellow"  incandescent 
gas  mantle ;  Curve  A  represents  an  arc  lamp,  while  Curves  D  and 
D'   represent  daylight,  under  varying  conditions  as  stated. 

It  seems  to  me  that  in  view  of  the  fact  that  in  daylighr 
(which  has  been  considered  by  Dr.  Seabrook  and  others  as  the 
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ideal  light  where  the  welface  of  the  eye  is  concerned)  we  find 
the  short  wave-length  light  to  be  far  in  excess  of  that  given  from 
any  artificial  illuminants,  one  is  justified  in  questioning  Dr. 
Seabrook's  conclusions  that  short  wave-length  light  is  responsible 
for  injury  to  the  eyes. 

It  has  been  stated  that  when  the  human  eye  is  at  rest  and  all 
muscles  are  relaxed,  it  is  adjusted  for  distant  vision ;  that  when 
it  is  accommodated  for  near  vision,  the  ciliary  muscles  and  those 
which  control  the  movements  of  the  eyeball  are  under  tension 
and  are  put  to  considerable  strain.  In  other  words,  the  eye  is 
adapted  to  the  purposes  of  primeval  rather  than  of  modern  man. 
It  follows  that  the  demands  of  modern  civilization  for  close 
application  of  the  eyes  in  near  vision  work,  over  long  continued 
hours  per  day,  may  be  suspected  of  being  at  the  bottom  of  most 
of  this  trouble.  In  our  modern  life  we  turn  night  into  day  and 
it  may  well  be  true  that  this  fact  is  largely  responsible  for  in- 
jury to  the  eyes,  and  for  other  effects  sometimes  charged  to 
modern  illuminants. 

Furthermore,  we  find  it  stated  that  in  studies  of  the  eye- 
sight of  children,  60  or  70  per  cent,  of  scholars,  between  eight 
and  nine  years  of  age  are  classified  as  near-sighted,  but  that 
children  before  undertaking  the  school  course  are  practically 
free  from  near-sightedness.  Conclusions  have  been  drawn  by 
authorities  which  indicate  that  much  of  the  defective  vision  found 
to  exist  at  this  time  is  the  result  of  improper  use  of  the  eyes  of 
children  between  the  ages  of  seven  and  nine  years. 

Putting  these  facts  together,  it  is  fair  to  asume  that  the  re- 
quirements of  modern  civilization  in  our  strenuous  age  rather 
than  the  character  and  methods  of  use  of  modern  illuminants 
are  responsible  for  a  large  proportion  of  the  eye  trouble  reported, 

Mr.  E.  Y.  Porter. — The  gist  of  the  whole  matter  is  that 
diffused  day  light  (not  direct  sunlight,  but  diffused  day  light 
on  a  slightly  clouded  day)  is  the  ideal  illumination.  By  such 
illumination  we  can  see  things  more  clearly  and  work  more  con- 
tinuously with  less  fatigue  than  by  any  other  light.  Mr.  Millar's 
data  seem  to  show  that  violet  light  is  not  very  harmful.  It  is 
the  intensity  and  position  of  the  light-source  more  than  the  quality 
of  the  light  that  is  easy  or  harmful  as  the  case  may  be. 
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It  may  be  interesting  to  some  to  learn  of  the  qualities  of  light 
produced  by  gaseous  conductors  under  electric  stimulus,  as  in 
the  Moore  tube.  The  yellow  light  produced  by  pure  nitrogen 
which  one  would  naturally  suppose  to  be  very  deficient  in  chemi- 
cal rays,  as  a  matter  of  fact  has  as  much  actinic  value  as  the  white 
light  produced  by  carbon  dioxide.  In  fact,  for  equal  power  it 
has  more,  so  that  a  yellow  light  is  not  necessarily  devoid  of  actinic 
rays,  simply  because  it  is  yellow.  The  color  values  as  well  as 
the  intensity  of  carbon  dioxide  used  as  a  conductor  of  electricity 
in  a  vacuum  tube  operated  under  definite  conditions,  can,  without 
doubt,  be  made  to  give  practically  constant  results. 

Dr.  Louis  Bell. — The  thing  which  very  forcibly  impresses 
itself  on  me  in  listening  to  Dr.  Seabrook  is  that  in  dealing  with 
the  effects  of  light  on  the  eye,  as  shown  by  the  experiments  which 
he  cited,  we  are  dealing  with  two  absolutely  distinct  phenomena. 
In  the  first  place  there  is  the  effect  of  the  light  on  the  cornea,. 
and  the  merely  incidental  effect  in  reaching  the  retina,  and  sec- 
ondly, there  is  the  effect  of  the  light  on  the  pigmented  layer  of 
the  retina  itself.  So  far  as  the  cornea  and  lens  are  concerned, 
it  is  quite  well  known  that  there  is  a  considerable  opacity  to  the 
extreme  ultra-violet  rays,  even  down  into  the  violet.  It  is  a 
well  known  fact,  for  example,  that  the  eye  of  an  elderly  person 
is  certain  to  be  less  sensitive  to  the  extreme  violet  than  the  eye 
of  a  young  person.  It  was  one  of  the  first  signs  of  approaching 
age,  one  learned  man  said,  when  he  could  not  see  the  H  and  K 
lines  in  spectroscopic  work  as  well  as  he  used  to.  The  secondary 
effect  of  the  lens  is  unquestionably  to  cut  off  a  lot  of  that  ultra- 
violet light.  The  fact  that  the  eye  is  more  sensitive  to  the  ultra- 
violet, shows  that  energy  is  absorbed  at  that  point,  and  that  the 
eye  suffers  when  the  light  is  too  brilliant.  If  the  lens  were  really 
transparent  to  light  of  any  wave-length,  there  would  be  no  energy 
spent  in  the  lens,  for  it  is  only  by  virtue  of  its  absorbing  power 
that  any  energy  can  be  expended. 

The  color  sensitive  plate  in  the  retina  is  prodigiously  sensi- 
tive in  the  yellow,  very  little  sensitive  in  the  deep  red,  and  very 
little  sensitive  in  the  deep  blue.  Consequently,  so  far  as  the 
chemical  action  on  the  retina  is  concerned,  the  chemical  rays 
are  all  rays  of  the  spectrum.  The  damage  to  the  eye  with  which 
we  deal  can  be  divided  into  two  parts,  as  the  paper  showed — first. 
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primary  lesions,  which  come  from  a  tremendous  excess  of  extreme 
violet  light.  That  is  found  in  the  quartz  lamps  constructed  by 
Heraeus,  some  few  of  which  have  been  used  in  this  countrv, 
where  the  ultra-violet  rays  pass  through  the  quartz  almost  un- 
obstructed and  produce  serious  lesions.  Some  experiments  made 
in  connection  with  quartz  lamps  were  attended  with  serious  re- 
sults. The  concentration  of  energy  was  very  large  in  these  ex- 
periments, and  within  a  very  short  distance  of  the  eye  experi- 
mented on.  Several  thousand  foot-pounds  of  energy  per  minute 
may  have  been  poured  out  and  converted  into  radiation  of  various 
kinds  and  hurled  at  the  unfortunate  eye.  The  result  was  a  rapid 
disintegration  on  the  surface.  Whether  the  same  effect  would 
have  been  produced  by  equal  concentration  of  energy  in  the 
visible  spectrum  is  somewhat  doubtful,  but  so  far  as  the  retina 
itself  is  concerned,  there  is  no  doubt  whatever  that  the  active 
brilliant  rays  of  the  spectrum  would  produce  very  serious  results. 
I  do  not  believe,  for  example,  that  anybody  could  safely  view  an 
eclipse  through  a  cell  containing  a  solution  of  picric  acid  which 
would  cut  off  ultra-violet  rays. 

I  think  the  tremendous  flaming  arcs  would  set  up  trouble 
at  the  retina,  whatever  they  might  do  elsewhere,  as  quickly,  or 
more  quickly  than  the  ultra-violet  light.  As  respects  the  retina 
itself,  the  mischief  there  is  largely  due  to  concentration  of  the 
energy  to  which  the  retina  is  sensitive.  I  fancy,  as  far  as  that 
particular  thing  is  concerned,  a  bright  image  in  yellow  would  be 
as  bad  as  a  bright  image  in  any  other  color  and  that  is  a  com- 
mon cause  of  injury,  I  think,  both  from  arc  lamps  and  such 
sources,  and  from  incandescent  lamps. 

When  a  person's  eyes  are  subjected  to  a  flash  from  a  switch- 
board, which  nearly  destroys  his  vision  for  some  time,  as  far  as 
the  retina  is  concerned,  the  trouble  is  almost  entirely  due  to 
the  concentration  of  energy,  which  results  from  a  source  of  high 
radiating  power.  The  intrinsic  brilliancy  of  a  kerosene  oil  flame 
is  low.  The  intrinsic  brilliancy  of  the  new  incandescents  is  very 
high  and  it  must  be  modified  accordingly ;  at  the  expense  of  some 
thirty  or  forty  per  cent.,  the  light  of  any  incandescent  lamp  can  be 
reduced  to  a  brilliancy  below  that  of  the  kerosene  lamp.  When 
this  has  been  done  I  have  hopes  that  the  chief  cause  of  difficulty, 
though  not  all  subsidiary  causes,  will  have  been  removed. 
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Mr.  W.  H.  Gardiner. — It  has  been  my  fortune  for  a  number 
of  years  to  spend  two  or  three  months  every  year  in  the  back 
woods  of  Maine  and  Canada,  cruising  around  with  Indians  and 
trappists.  I  have  noticed  in  the  case  of  other  men  who  go  with 
me,  men  who  have  eye  trouble  of  some  kind  and  wear  glasses, 
that  after  they  have  been  in  the  woods  or  on  the  waters  for  three 
•or  four  weeks,  they  remark  on  the  improved  feeling  of  their  eyes. 
In  some  cases  they  have  discarded  their  glasses  after  being  in  the 
woods  for  a  month  or  so.  The  conditions  of  light  are  very  in- 
tense. I  personally  have  attributed  this  improvement  to  the 
absence  of  red,  and  am  interested  in  Dr.  Seabrook's  remarks  that 
red  is  not  injurious  to  the  eye.  Apparently,  the  reason  is  that 
these  men  are  getting  back  to  nature,  and  under  natural  condi- 
tions their  eyes  have  improved. 

Mr.  W.  J.  Willcox. — I  have  always  attributed  a  large  part 
of  the  harm  which  it  is  claimed  electric  light  does  to  the  eyes  to 
the  position  in  which  the  lamps  are  placed.  The  unfortunate 
location  of  lamps  has  been  due  largely  to  the  necessity  for  econ- 
omy. With  the  very  low  economy  of  all  forms  of  lighting  and 
the  high  cost  of  the  energy  supplied,  it  has  been  necessary  to 
use  individual  lamps  in  the  most  economical  way  and  to  devote 
little  light  to  general  illumination.  We  can  see  some  possible 
correction  of  past  difficulties  with  the  advent  of  higher  efficiency 
lamps.  With  the  advantage  which  higher  efficiency  gives  of 
placing  lamps  at  greater  distance  from  the  work,  the  light  can  be 
diffused  to  better  advantage  than  in  the  past.  I  consider  the 
higher  efficiency  illuminants  as  an  improvement  in  the  general 
condition,  rather  than,  as  ^Ir.  Elliott  seemed  to  think,  a  backward 
•movement. 

Dr.  Seabrook. — I  have  absolutely  nothing  to  say  against 
the  remarks  of  Mr.  Millar,  Dr.  Valk  and  Dr.  Bell,  as 
regards  the  question  of  things  other  than  light  being  responsible 
for  eye  troubles ;  I  presented  a  paper  to  bring  into  notice  the 
eft'ect  of  light  on  the  eye,  not  to  discuss  all  the  causes  of  eye 
strain  and  disease.  Some  oculists  seem  to  have  at  last  concluded 
that  their  armor  is  not  sufficient  to  protect  the  eye  against  the 
artillery  of  the  modern  illuminating  engineer,  and  have  been 
trvine  to  show  where  the  source  of  trouble  is.  Dr.  Bell  showed 
much  the  same  thing  in  his  able  paper  of  1906,  and  chose  a  low 
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candle  power  for  illumination  at  a  certain  given  distance  so  that 
not  over  two  candle  power  would  enter  the  eye  one  foot  away 
from  it. 

All  experimenters  have  found  that  the  absorption  of  ultra- 
violet rays  by  the  animal  lens  is  variable.  The  human  lens  does 
not  properly  absorb  ultra-violet  rays  in  certain  persons.  Of 
course,  the  effect  of  correction  by  glasses  and  other  treatment  is 
lar  more  important  to  oculists  than  the  study  of  the  effect  of 
light  on  the  eye.  If  illuminating  engineers  wish  to  produce  light 
which  suits  their  ideas,  oculists  will  do  the  best  they  can  with  its 
bad  effects  upon  the  eyes,  if  such  arise ;  they  have  had  to  do  so 
for  many  years. 
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At  a  meeting  of  the  Council,  March  13,  a  report  of  the  com- 
mittee appointed  to  offer  recommendations  to  the  Council  rela- 
tive to  the  Society's  relations  with  the  Technical  Press  was  pre- 
sented. Upon  consideration  of  the  recommendatons  offered  by 
the  committee,  the  following  resolutions  were  laid  down  by  the 
Council : 

(1)  That  the  editor  of  the   Transactions  shall,  as   far  as 

practicable,  have  the  paper  or  papers  read  during  any 
one  month  printed  in  the  next  issue  of  the  Transac- 
tions. 

(2)  That  the  Committee  on  Papers  be  authorized  to  copy- 

right such  papers  as  they  may  deem  fit  for  the  best 
interests  of  the  Society. 

(3)  That  the  technical  papers  of  the  Society  be  not  given  out 

for  publication  until  after  ten  days  from  the  actual 
date  of  their  presentation,  and  that  notice  to  this  effect 
be  printed  on  the  advance  copies  of  papers. 

(4)  That  in  all  publication  of  papers'  or  discussions  of  the 

Society   the   Committee   on   Editing   and   Publication 
insist  that  proper  credit  for  such  matter  be  given  to- 
the  Society. 
The  report  of  the  Finance  Committee  as  printed  below  was 
then  brought  up  for  consideration  by  the  Council.     In  acceptance 
of  the  recommendations  offered  in  this  report,  motions  were  made 
and  carried  as  follows : 

(1)  That  the  bills  payable  by  the  Society,  amounting  to 
$227.03,  be  paid  by  the  General  Secretary  at  his  ear- 
liest convenience. 
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(2)  That  the  salary  of  the  Assistant  Secretary  be  increased 

to  $18.00;  this  increase  to  date  from  January  1,  1908. 

(3)  That  the  matter  of  the  prices  now  paid  for  stationery  be 

looked  into  before  additional  orders  are  placed. 

(4)  That  the   General   Secretary  again   communicate   with 

those  members  of  the  Society  who,  by  reason  of  ad- 
verse circumstances,  have  thus  far  been  unable  to  pay 
1907  dues. 

(5)  That  lists  of  delinquent  members  be  sent  monthly  to  the 

Secretaries  of  the  Sections,  with  the  request  that  they 
co-operate  with  the  General  Secretary  in  collecting  the 
outstanding  dues  of  members  of  their  respective  Sec- 
tions, and  that  the  General  Secretary  communicate 
individually  with  those  delinquent  members  who  are 
unaffiliated  with  Sections. 

(6)  That  the  question  of  the  advisability  of  reducing  the 

number  of  meetings  of  Sections  from  nine  to  four 
per  year  be  brought  up  for  discussion  at  the  next 
meeting  of  the  Council. 

By  unanimous  vote  of  the  Council,  the  entrance  fee  of  the 
Society  was  waived  until  the  beginning  of  the  fiscal  year  1909. 
The  General  Secretary  was  instructed  to  communicate  with  those 
members  who  have  paid  the  initiation  fee,  and — if  application 
of  the  remittance  to  1909  dues  be  undesired — to  refund  the  pay- 
ment. •  '/'III 

Letters  relative  to  the  withdrawal  of  the  Pittsburg  Section, 
received  from  the  Vice-President  of  the  Society  representing 
the  Pittsburg  Section,  and  from  the  Committee  appointed  to  in- 
vestigate the  Pittsburg  Section  conditions,  were  read  before  the 
Council.  It  was  resolved  unanimously  by  the  Council  to  discon- 
tinue the  Pittsburg  Section  of  the  Society. 

The  attention  of  the  Council  was  brought  to  the  matter  of  the 
communication  received  from  the  Chairman  of  the  Committee 
on  New  Membership  of  the  New  York  Section,  requesting  an 
appropriation  of  $250  from  the  General  Treasury  to  conduct  a 
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local  campaign  of  circularization  to  increase  the  membership.  It 
was  moved  and  carried  that  the-  General  Secretary  notify  the 
New  York  Section  that  while  the  Council  urges  the  necessity  of 
increasing  the  membership  by  such  means  as  are  practicable,  it  is 
impossible,  on  account  of  the  financial  status  of  the  Society  and 
the  need  of  treating  the  Sections  on  similar  basis,  to  grant  the 
appropriation. 

It  was  resolved  that  the  Treasurer  be  given  full  power  to 
accept  the  Receiver's  Certificate  of  the  Society's  funds  on  de- 
posit with  the  New  Amsterdam  National  Bank,  and  to  make 
assignment  of  the  same  to  Mr.  Lansingh. 

By  vote  of  the  Council,  the  following  five  men,  whose  applica- 
tions had  been  duly  approved  by  an  Examining  Board,  were  de- 
clared elected : 

Herbert  W.   Alrich,   Engineers'   Assistant,^  Consolidated   Gas    Con?pany, 
New  York. City. 

N.    A.    Button,    Philadelphia    Branch    Manager,    Edward    Miller    &    Co., 
Philadelphia,  Pa. 

Clarence  W.  Kinney,  Consulting  Engineer,  associated  with  Coghlin  Elec- 
tric Co.,  Worcester,  Mass. 

Ralph  C.  Rodgers,  Instructor  in  Physics,  Cornell  University,  Ithaca,  N.  Y. 

Marvin   Shiebler,   Gas  Engineer,  associated  with  Stone  &  Webster  En- 
gineering Corporation,  Brooklyn,  N.  Y. 

CHICAGO  SECTION. 

The  Chicago  Section  met  in  the  Breakfast  Room  of  the  Grand 
Pacific  Hotel  on  Thursday,  March  12.  A  paper  by  Mr.  George 
Leland  Hunter,  on  Light  and  Color  in  Decoration,  was  read  by 
the  Secretary,  Mr.  George  H.  Jones.  The  paper  is  printed  in 
this  issue. 

PHILADELPHIA  SECTION. 

A  meeting  of  the  Philadelphia  Section  was  held  in  the  Audi- 
torium of  the  Philadelphia  Electric  Company  on  March  20, 
seventy  members  and  thirty-one  visitors  being  present. 

The  papers  of  the  evening  were  "Modern  Methods  of  Illumina- 
tion from  the  Architectural  Standpoint,"  by  Mr.  Horace  W. 
Castor,  and  "Lighting  Fixtures,  from  a  Manufacturer's  Point  of 
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View,"  by  Mr.  F.  C.  Dickey,  the  latter  paper  being  read  by  Mr. 
David  Vickery.  Both  papers  ivere  well  received  and  provoked  a 
spirited  discussion  by  Messrs.  Emile  G.  Perrot,  architect ;  Mr. 
Clayton  W.  Pike,  Mr.  Ely,  Mr.  W.  H.  Gartley,  Walton  Forstall, 
Bond,  Israel,  Koockogey,  Eldridge,  Dutton,  Lloyd,  D'Olier,  Cal- 
vert and  others. 

NEW  ENGLAND  SECTION. 

At  a  meeting  of  the  New  England  Section,  held  on  March  17, 
Dr.  Myles  Standish  presented  a  paper  on  ''Artificial  Illumination 
from  a  Physiological  Point  of  View."  The  paper  was  discussed 
by  Chairman  Codman,  Messrs.  Ware  and  Griffin  and  by  Drs. 
Williams  and  Standish. 

NEW    YORK    SECTION. 

The  meeting  of  the  New  York  Section,  held  on  March  12,  was 
devoted  to  the  presentation  and  discussion  of  a  paper  by  Mr.  E. 
L.  Elliott,  entitled  ''The  Relation  of  Illuminating  Engineering  to 
Architecture,  from  the  Engineer's  Standpoint."  The  discussion 
was  participated  in  by  Messrs  Basset,  Jones,  Jr. ;  L.  B.  Marks, 
F.  J.  McGuire,  W\  H.  Gardner,  Jr. ;  A.  J.  Marshall  and  the  author. 


ANNUAL  REPORT  OF  THE  FINANCE  COMMITTEE. 

To  the  Council  of  the  Illuminating  Engineering  Society : 

In  accordance  with  the  provisions  of  the  Constitution,  the 
Finance  Committee  has,  during  the  past  year,  exercised  direct 
supervision  over  the  financial  affairs  of  the  Society.  It  has  ex- 
amined and  approved  all  bills  paid  by  the  Society.  The  financial 
condition  of  the  Society  at  the  end  of  the  fiscal  year  1907  is 
shown  in  the  subjoined  report  of  Messrs.  Peirce,  Gimson  &  Co., 
certified  public  accountants,  who  were  employed  to  audit  the 
books  and  accounts  of  the  Society. 
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Exhibit  ''B"  of  the  audit  shows  the  following  expenses  for  the 
year  1907: 

Expenses,  General  Fund  $5,202.16 

"  Special  Fund 943.79 

Grand  total $6,145.95 

The  Special  Fund  referred  to  above  was  collected  to  meet  the 
expenses  of  the  Boston  Convention,  held  July  30-31,  1907. 

Exhibit  'B"  shows  that  the  total  membership  dues  (collected 
and  outstanding)  for  the  year  amounted  to  $4,234.20. 

Thus  the  expenditures  from  the  General  Fund  of  the  Society 
were  about  $1,000  in  excess  of  the  membership  dues.  Were  it 
not  for  the  income  derived  from  advertising  in  the  Transactions, 
the  Society  would  not  face  a  considerable  deficit.  Unless  the 
membership  is  very  materially  increased  during  the  coming,  year, 
and  running  expenses  kept  at  the  lowest  practical  limit,  we  must 
again  look  to  the  income  to  be  derived  from  advertising  or  from 
sources  other  than  dues,  to  meet  partly  the  expenses  of  conduct- 
ing the  Society.  The  present  membership  is  943.  With  dues  of 
only  $5.00  a  year  the  Society  should  have  a  membership  of  at 
least  1,500  to  provide  sufficient  funds  to  carry  on  its  work 
properly  along  the  present  lines. 

Distribution  of  Expenses. 

The  expenditure  per  member  from  the  General  Fund  of  the 
Society  for  the  fiscal  year  1907  was  distributed  as  follows : 

For  transactions    (net) $2.55 

"      General  office    (including  postage  and  salary  of  Assistant  Sec- 
retary      2.03 

"      Sections -93 

Total  expense  per  member  for  year  1907 $5.51 

Respectfully  suhmitted, 

A.  A.  Pope, 

Geo.  G.  Ramsdell, 

L.  B.  Marks,  Chairman. 
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Exhibit  "A" — Balance  Sheet  for  year  ending  January  10, 

1908. 

Assets. 

Cash  in  bank $272.24 

Members  dues,  1907,  outstanding 42.50 

Advertisers'  accounts  outstanding  (net) 193.73 

Office  furniture  218.02 

Society  badges  on  hand 30.00 

Total  - $756.49 

Liabilities, 

Members  dues,  1908,  paid  in  advance $60.00 

Expense  bills  unpaid 30.00 

Total   $90.00 

Surplus  per  Exhibit  "C" $666.49 

Total  $756.49 

Exhibit   "B'' — Income  Account  .  for  the  Year  Ending 

January  10,  1908. 

Income. 

Members  dues  for  1907  collected .  $4,191.70 

Members  dues  for  1907  outstanding 42.50 

$4,234.20 

Advertising — Collected 862.66 

Advertising  outstanding  (net) 193.73 

$1,056.39 

Profits  on  badges  sold 30.10 

Convention  fund,  receipts $962.90 

Deduct,  expenditure. 

Publication  expense $344.64 

Publicity  and  correspondence 180.00 

Expense  of  exhibits 17.95 

Badges  -_  46.88 

Grossman,  T.  E.,  official  stenogra])her,  111.90 

Assistant  Secretary 42.42 

Misc.,  including  expense  of  Committee 

on  Entertainment 200.00 

$943.79 

Unexpended  balance 19.11 

Total  income $5,339.80 
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Expenses. 

"Transactions" $2,464.26 

Less  received  for  copies  sold 54.90 


$2,409.36 

Postage 257.37 

Office  salary 810.00 

General  Office  expenses 846.91 

N.  Y.  Section $327.69 

Chicago  Section 207.56 

Boston  Section 165.93 

Philadelphia  Section 85.69 

Pittsburg  Section . 91.65 


$878.5 


Total  expenses $5,202.16 


Balance,  net  income $137.64 

Exhibit  ''C" — Surplus  Account,  January  10,  1908. 

Balance  to  credit  as  per  books,  January  14,  1907 $93.23 

Add. 

Office   furniture    (not  entered  on  the  books) 218.02 

Members  dues,  1906,  collected  in  1907 222.60 

Net  income  for  1907  (per  Exhibit  "B") 137.64 


Total  $671.49 

Deduct. 
Difference  in  bank  account  as  of  January  6,  1907 $5.00 


Balance  to  credit  of  Surplus  Account  January  10,  1908 $666.49 


LIGHT  AND  COLOR  IN  DECORATION. 


By  George  Leland  Hunter,  Member. 


I  must  begin  with  an  apology  for  reading  a  non-scientific 
paper  before  a  scientific  society.  I  shall  not  try  to  tell  you  how 
much  but  what.  My  conclusions  will  be  entirely  qualitative, 
never  quantitative — which  according  to  Herbert  Spencer  is  the 
dift'erence  between  common  knowledge  and  science.  Common 
knowledge  tells  us  that  a  piece  of  wood  will  float  on  water. 
Science  tells  us  how  much  water  it  displaces.  The  savage  knows 
that  a  burning  torch  gives  light.  The  illuminating  engineer  is 
able  to  calculate  how  much  light  it  gives  and  to  prove  from  it 
the  t)ften-quoted  but  little-understood  law  of  inverse  squares. 

For  the  w^ork  that  has  been  done  by  the  members  of  the 
society,  I  have  the  profoundest  admiration.  A  mass  of  facts 
is  being  assembled  that  will  ultimately  substitute  science  for 
guess-work  and  experiment,  in  the  art  of  illumination.  To  no 
one  will  these  facts  be  more  important  than  to  the  decorator  and 
architect.  But  permit  me  to  suggest  that  without  decorative 
co-operation  the  full  value  of  your  science  cannot  be  realized 
in  practice.  You  will  accomplish  economy  and  calculated  effi- 
ciency, without  achieving  beauty  and  comfort  and  real  efficiency. 

It  is  a  great  pity  that  the  word  ''decorative"  is  so  generally 
misunderstood.  From  remarks  made  before  this  society  one 
might  infer  that  decoration  is  synonomous  with  ornamentation 
and  that  decorative  lighting  means  the  employment  of  highly 
wrought  chandeliers  and  fixtures.  Nothing  could  be  farther 
from  the  truth. 

Decorative  lighting  is  illumination  that  is  aesthetically  satis- 
factory— the  light  being  so  distributed  as  to  avoid  violent  con- 
trasts of  light  and  shadow,  while  displaying  objects  in  a  manner 
agreeable  to  the  eye.  Lighting  to  be  decorative  must  be  efficient; 
but  it  must  be  more  than  that.  It  must  be  in  good  taste.  The 
ignoramus  is  no  more  a  judge  of  good  lighting  than  he  is  of  a 
good  painting. 

Light  is  the  most  marvelous  fact  in  life.  When  the  sun 
rises  in  the  morning,  he  summons  every  living  creature  to  activity. 
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He  transforms  black  chaos  into  fields  and  rivers  and  mountains 
and  cities.  He  distributes  color  from  a  generous  palette,  in- 
vesting each  object  with  hue  and  tint,  to  show  its  form  and  give 
it  individuality. 

For  thousands  of  years  men  stumbled  along  on  moonless 
nights  with  torches  and  candles,  and  with  open  lamps  without 
chimneys  that  burned  heavy  oils.  The  artificial  illumination 
that  dazzled  the  court  of  Louis  XIV  was  ludicrously  dim. 

At  the  end  of  the  eighteenth  century  the  oil  lamp  was  im- 
proved by  the  addition  of  chimney  and  forced  draft.  In  the 
first  quarter  of  the  nineteenth  century  coal  gas  was  welcomed 
as  the  most  wonderful  achievement  of  centuries.  When  the 
allied  sovereigns  of  Europe  met  in  London  in  1814,  they  were 
thunderstruck  at  the  illumination  that  "turned  night  into  day." 
In  the  middle  of  the  nineteenth  century,  kerosene  came  to  sup- 
plant inferior  and  more  expensive  oils. 

In  the  last  quarter  of  the  nineteenth  century  the  electric 
light  was  developed  to  a  point  where  it  is  possible  to  light  interiors 
brilliantly,  conveniently,  safely,  and  decoratively.  In  actual 
practice,  however,  the  possible  has  seldom  been  accomplished. 
The  art  is  still  too  new  and  the  tools  are  still  too  unfamiliar. 
x-\nd  progress  has  been  hindered  by  adages  that  merely 
through  repetition  have  come  to  have  authority. 

Especially  is  this  true  in  color.  Some  ignoramus  once  as- 
serted that  warm  colors  should  be  used  in  rooms  with  north 
light,  cool  colors  in  rooms  with  south  light.  Sounds  plausible, 
doesn't  it?  Warm  colors  to  warm  up  the  cold  rooms,  cool  colors 
to  keep  the  south  rooms  from  being  distressingly  hot.  What 
are  the  facts? 

The  facts  are  that  for  north  rooms  blue  and  green  are  ex- 
ceedingly agreeable,  while  reds  are  disagreeable.  The  opposite  is 
true  in  south  rooms.  Yellow  is  cheerful  in  both.  North  light 
coming  from  the  sky  is  bluish,  while  south  light  ranges  on  a 
bright  day  from  red  through  yellow  to  white  and  back  again  as 
the  sun  sinks  in  the  heavens.  In  north  light,  reds  look  muddy; 
in  south  light,  blues  are  apt  to  be  cold. 

This  brings  us  to  a  law  that  is  grotesquely  violated  in 
general  practice  as  well  as  in  the  advice  given  to  their  anxious 
readers  by  the  cosy-corner  editors  of  the  how-to-do-it-yourself- 
magazines  :  In  illumination  avoid  strong  color  contrasts.  A  pre- 
tentious cafe  in  this  city  has  walls  in  dark-red  burlap,  with  wall 
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lamps  carrying  green  shades.  The  proprietor  explained  to  me 
that  the  screen  of  the  shades  was  intended  to  counteract  the  red- 
ness  of  the  walls.  Of  course,  the  result  was  awful — blotches  of 
pink  where  the  unshaded  light  struck  the  burlap,  with  dark  and 
muddy  redness  elsewhere.  If  the  shades  had  been  red  the  redness 
of  the  walls  would  have  been  diminished  instead  of  being  ac- 
centuated. The  effect  of  the  green  shades  was  to  cut  off  the 
red  light  that  alone  could  render  service  on  a  red  background. 

Yellow  shades  would  also  have  been  possible,  because  yel- 
low is  the  color  easiest  for  the  eye  to  handle.  It  comes  in  the 
middle  of  the  spectrum,  and  has  a  wave  length  that  all  eyes  can 
easily  apprehend.  The  colors  at  the  ends  of  the  spectrum  are 
more  difficult.  Some  eyes  are  better  for  the  long  wave  lengths 
of  red,  others  for  the  short  wave  lengths  of  blue  light.  The 
result  of  my  personal  observations  is  confirmed  by  the  work  of 
different  individuals  on  the  photometer.  Some  have  eyes  more 
sensitive  to  reds,  others  have  eyes  more  sensitive  to  blues.  Ap- 
parently there  is  a  color  range  of  the  eye  just  as  there  is  a  pitch 
range  of  the  voice. 

Cooler  charts  I  abhor,  and  systems  of  color  that  deduce 
quantitative  results  from  qualitative  analysis  are  ridiculous.  But 
the  formerly  wide  acceptance  of  the  famous  color  or  chromatic 
circle  of  Chevreul  renders  it  imperative  to  explain  why  M. 
Guiffrey,  the  present  director  of  the  Gobelins,  where  Chevreul 
had  charge  of  the  dyeing  for  a  considerable  part  of  the  nine- 
teenth century,  speaks  of  the  chromatic  circle  as  ''based  on  em- 
pricism,  guesswork  and  a  different  visual  aptitude  in  every 
individual."  Chevreul  started  with  red,  yellow  and  blue  as 
primary  colors,  and  by  intermixing,  and  by  mixing  with  black, 
arrived  at  no  less  than  14,400  tones,  not  to  speak  of  twenty  grays 
that  he  called  normals. 

In  his  circle,  red  is  120  degrees  from  yellow,  on  the  left, 
and  the  same  distance  from  blue  on  the  right.  We  need  go  no 
further.  Such  an  arrangement  is  not  only  not  based  on  the  facts ; 
it  contradicts  them.  Red  as  a  form  of  visible  motion  is  the 
antithesis  of  blue.  The  wave  length  of  red  is  long,  of  blue  is 
short.  The  two  colors  have  nothing  common  except  nearness 
to  black.  Beyond  red  the  wave  lengths  are  too  long  for  the  eye 
to  apprehend ;  beyond  blue  they  are  too  short.  Hence  darkness 
beyond  both.  Darkness  alone  brings  red  and  blue  together;  light 
separaties  them. 
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The  solar  spectrum  arranges  the  colors  for  us  in  order  of 
wave  length  and  tells  us  that  all  of  them  united  look  white,  the 
absence  of  color  being  black.  I  would  suggest  the  accompanying 
diagram  as  presenting  the  facts  clearly  and  truthfully. 

Ia/H/TE 


BLACK     ^^^ RFD YFl  I  OiV /?/ ///T^  BLAC/< 


Fig.  1— Color  Diagram  that  Presents  the  Facts 

The  color  nearest  white  is  yellow.  It  is  the  color  of 
medium  wave  length,  while  white  is  the  union  of  all  the  visible 
wave  lengths.  It  contains  only  the  wave  lengths  easiest  for  the 
eye  to  apprehend,  while  white  contains  also  reds  and  blues  to 
which  some  eyes  are  less  sensitive.  Perhaps  this  is  the  reason 
why  yellowish  light,  like  that  of  the  kerosene  lamp,  is  so  arranged 
to  the  eye. 

The  white  light  of  the  noonday  sun  blinds  the  eye.  It  con- 
tinues to  blind  the  eye  when  reflected  from  white  snow  or 
white  sand.  But  when  reflected  from  the  green  woods  of  spring, 
or  the  yellow-brown  woods  of  autumn,  or  from  blue  sky  and 
water  and  from  brown  earth,  it  loses  its  fierceness. 

The  sun  that  creates  the  colors,  also  devours  them.  He  calls 
them  into  being  in  the  golden  morning,  only  to  overpower  them 
at  tropical  noon  with  his  midday  whiteness.  But  as  he  sinks  in 
the  western  sky,  they  revive  and  in  the  twilight  assume  a  myste- 
rious and  elusive  beauty. 

Interesting,  too,  are  the  grays  and  blues  and  purples  that 
tinge  the  atmosphere  when  it  is  wet  with  fog  or  mist.  And  the 
harmonies  made  by  clouds  beneath  a  setting  sun  or  silver  moon 
are  wonderful. 

As  in  natural  light,  so  in  artificial  light,  color  is  vitally  signi- 
ficant. But  we  must  include  not  only  hues  like  red  and  yellow 
and  blue,  but  also  the  tints  and  shades  of  gray  ranging  from 
white  to  black.  They  are  vastly  the  more  important  for  reveal- 
ing the  form  and  relative  position  of  objects.  For  with  them 
stronger  contrasts  can  be  obtained.  They  traverse  the  whole 
distance  from  white  to  black,  from  light  to  darkness,  while  the 
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hues  make  only  part  of  the  trip,  and  weakly.  In  illustration, 
white  and  black  without  hue  are  tremendously  effective ;  but  the 
hues,  ungreyed,  are  speechless. 

There  has  been  much  written  and  printed  about  advancing 
and  receding  colors,  uselessly.  Whether  colors  advance  or  recede 
depends  on  the  situation  in  which  they  find  themselves.  Against 
a  dark  back-ground,  as  at  night,  lights  and  light  colors  advance. 
Against  a  light  background,  dark  colors  advance.  Tints  and 
shades  push  each  other  violently  apart.  Black  type  stands  out 
against  a  white  page;  and  so  does  white  type  against  a  back- 
ground of  black  paper,  which,  in  turn,  would  stand  out  from  a 
white  wall. 

The  different  hues  also  repel  one  another.  Red  pushes  away 
green,  and  yellow  pushes  away  blue,  while  red  and  blue  are  still 
more  active  against  each  other.  But  they  can  be  easily  reconciled 
and  there  are  no  hues  that  by  the  use  of  a  dominant  color  cannot 
be  coaxed  into  propinquity. 

Hues  all  look  alike  on  dark  nights.  Taking  the  light  out  of 
them — or  mixing  them  with  black  if  they  are  paints — obliterates 
distinctions.  ]\Iixing  white  with  them  does  the  same.  Red  and 
green  when  pure,  as  in  the  spectrum,  or  when  nearly  pure,  as  in 
some  pigments,  are  bitter  enemies.  But  pinks  and  grey-green 
dwell  together  in  peace  and  harmony.  Yellow  is  a  most  satis- 
factory dominant  on  account  of  its  cheerfulness.  The  most  wintry 
landscape  seen  through  yellow  glasses  grows  warm.  Blue  glasses 
produce  the  opposite  eff'ect.  Even  autumn  foliage  loses  its  warmth 
when  viewed  through  them. 

Mass  is  the  result  of  color  contrast.  The  shadow  on  the  side 
of  the  tree  away  from  the  light,  contrasting  with  the  brightness  of 
the  near  side,  gives  the  tree  solidity.  Against  a  background  of 
blue  sky,  green  fields  and  forests  stand  forth ;  and  against  them 
appear  the  soldiers  in  red,  forced  into  the  foreground  by  contrast. 

To  eliminate  light  and  shade  is  to  eliminate  mass  and  to  make 
solid  things  look  silhouetted.  To  introduce  hue  and  shade  on  a 
flat  surface  at  once  simulates  the  massiveness  of  actuality.  The 
degrees  of  contrast  are  regulated  by  the  amount  of  opposition 
necessary  to  round  out  shapes  and  separate  foreground  from  back- 
ground. 

It  is  the  task  of  the  decorator  to  confirm  what  is  good  and 
correct  what  is  bad  in  the  work  of  the  architect.  If  the  windows 
are   too   high   and    narrow,   the   defect   must   be   overcome   with 
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draperies.  If  the  room  is  too  wide  and  low,  he  must  raise  the 
ceiHng  and  bring  down  the  walls.  He  is  like  a  painter  who  with 
the  colors  from  his  palette  must  follow  more  or  less  closely  the 
outline  drawing  of  another. 

In  the  decoration  of  interiors  hue  is  important,  but  light  and 
shade  are  more  important.  All  should  be  used  discreetly  and  in 
moderation.     Violent  contrasts  are  dangerous. 

If  the  ceiling  is  the  right  height  for  the  larger  rooms  on  a  floor, 
it  is  too  lofty  for  the  small  rooms.     How  shall  we  lower  it? 

Light  walls  recede  and  dark  walls  advance.  Keep  the  ceiling 
and  floor  dark  and  the  side  walls  bright.  The  ceiling  and  floor 
will  at  once  approach  each  other,  while  the  side  walls  will  open 
out. 

If  a  room  is  too  wide  and  low,  give  it  the  opposite  treatment. 
Light  the  ceiling  brightly,  and  the  side  walls  dimly,  and  the  floor 
less  than  usual.  But  do  not  overdo  the  contrasts,  and  remember 
that  the  floor  should  always  be  comparatively  dark  in  order  that 
it  may  seem  solid  beneath  the  foot.  People  slip  on  paiquet  floors 
because  the  surface  looks  insecure,  rather  than  because  of  its 
slipperiness.  The  darker  its  colors  and  the  more  intricate  the 
pattern,  the  more  solid  will  it  seem.  Rugs  are  a  good  floor  cover- 
ing because  the  pile  absorbs  so  much  of  the  light  that  they  look 
opaque. 

Doors  and  windows  and  mirrors  are  everything  to  a  room. 
They  open  up  the  walls  in  which  they  occur,  and  the  apparent 
expansion  is  proportionate  to  their  size.  For  this  reason  a  low 
room  should  have  them  small,  and  a  high  room  should  have  them 
large.  Take  the  connecting  front  and  back  parlors  bo  common 
in  New  York  city.  The  windows  at  the  front  and  the  wide  door- 
way at  the  back  tend  to  exaggerate  the  awful  length.  They  must 
therefore  be  heavily  draped  in  dark  colors  with  plenty  of  em- 
broidery or  other  small  pattern — for  small  patterns  tend  to  make 
surfaces  advance.  The  doorways  on  the  side  next  the  hall  are  a 
help,  and  should  be  kept  as  free  from  light-devouring  fabrics  and 
patterns  as  possible.  The  walls  of  the  room  should  be  hung  with 
paper  of  large  figure,  or  plain  and  light  color,  and  large  mirrors 
and  pictures  should  be  employed  freely.  The  lamps  should  be  so 
placed  as  to  light  the  side  walls  more  brightly  than  the  ends  of 
the  room.  Chandeliers  and  hanging  fixtures  will  do  this  best  if 
the  ceiling  is  high ;  well  brackets  if  the  ceiling  is  low. 
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I  have  been  trying  in  vain  to  unclerstand  why  so  much  effort 
is  being  exerted  to  illuminate  interiors  v^ithout  wasting  light  on 
ceiling  or  walls  or  refractors.  Is  it  possible  that  any  one  fails 
to  realize  that  reflecting  surfaces  and  refracting  media  that  make 
the  light  useful  by  changing  its  make-up  and  lessening  its  intensity, 
are  imperative?  Can  it  be  that  they  are  serious  when  they  lament 
the  loss  of  the  light  that  goes  to  the  ceiling?  Do  they  not  ap- 
preciate that  to  illuminate  a  room  is  the  same  thing  as  to  light  its 
walls  and  ceiling  and  furniture,  and  that  the  light  thus  employed 
is  usefully  employed?  Or  is  it  possible  that  they  still  believe  in 
the  virtues  of  pure  white  light,  and  fancy  that  the  object  of  a 
lamp  is  to  send  light  directly  to  the  eye? 

The  light  that  reaches  the  eye  directly  is  not  of  the  slightest 
use.  You  don't  want  to  see  the  flame,  you  want  to  see  the  room 
and  the  people  in  it.  Besides,  the  light  hurts  the  eye,  even  when 
reflected  from  a  mirror,  and  is  agreeable  only  when  its  intensity 
has  been  lessened  by  reflection  from  some  surface,  or  refraction 
through  some  material  that  eats  up  part  of  it.  The  reflected  light 
is  less  in  quantity,  having  lost  some  of  its  colors,  but  the  colors 
that  remain  are  those  that  identify  the  thing  seen,  and  make  it 
visible. 

In  looking  over  a  recently  published  book  on  illumination 
problems,  I  was  surprised  not  only  at  the  ugliness  of  the  interiors 
and  lighting  fixtures  illustrated  in  the  chapter  on  residence  light- 
ing, but  also  at  the  illustrations  appearing  in  the  chapter  on  de- 
monstration room  tests.  Of  the  twenty-six  cases  illustrated,  the 
only  one  that  shows  an  eft'ective  light  distribution  is  the  one  with 
the  bare  lamp.  In  most  of  the  other  cases  reflectors  and  refractors 
of  various  types  have  succeeded  in  taking  the  light  from  ceiling 
and  upper  walls  that  can  distribute  effectively,  and  in  con- 
centrating it  on  the  floor  where  it  is  objectionable.  Not  that  I 
would  for  a  moment  deny  the  value  of  prismatic  shades  and  globes 
in  many  instances — especially  where  a  room  is  too  high  and  the 
plane  of  illumination  really  needs  to  be  lowered.  But  often  ignor- 
ance of  the  importance  of  walls  and  ceiling  in  light  distribution 
leads  to  serious  and  expensive  error. 

Here  comes  up  the  question  of  the  color  of  walls  and  ceiling. 
If  they  were  in  black  velvet,  they  could  not  assist  us  in  the  illumi- 
nation of  the  room.  But  if  they  are  in  ivory — not  white,  that  is 
disagreeable  to  the  eye  even  in  the  weaker  form  that  we  get  in 
reflection  from  plaster — they  will  not  only  distribute  the  light 
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agreeably   and   economically,   but   will   themselves   be   cheerfully 
visible — which  would  seem  to  be  desirable. 

A  small  room  of  good  proportions  with  light  walls  and  ceiling 
is  beautifully  illuminated  by  two  sixteen-candle-power  bulbs  sus- 
pended from  the  centre  of  the  ceiling  about  six  feet  six  inches 
from  the  floor.  In  large  rooms  the  light  of  lamps  as  low  as  that 
would  strike  the  eye  unpleasantly,  especially  as  their  power  would 
of  course  be  greater.  Only  in  rooms  with  high  ceiling  where  the 
lamps  can  be  hung  high  is  the  use  of  powerful  units  permissible. 

The  candle  power  of  the  light  source  is  directly  regulated  by 
the  height  of  the  ceiling.  The  light  that  blinds  the  eye  at  three 
feet  is  harmless  at  nine,  having  lost  eight-ninths  of  its  intensity. 
In  a  huge  auditorium  like  that  of  Madison  Square  Garden,  lamps 
of  enormous  power  can  be  effectively  used.  In  interiors  with  low 
ceiling  the  units  must  be  kept  small. 

Another  way  of  preparing  light  for  the  eye  is  to  refract  it 
through  frosted  or  opal  or  mosaic  glass,  or  through  crystal  beads 
or  prisms.  This  turns  the  lamp  from  something  to  be  avoided 
into  something  that  the  eye  likes  to  look  at,  and  at  the  same  time 
it  transforms  glare  into  diffused  light.  The  refractors  play  the 
same  part  as  ceiling  and  walls,  and  would  help  to  illuminate  even 
a  room  in  black  velvet.  The  use-efficiency  of  a  lamp  that  distrib- 
utes light  cannot  be  compared  on  the  basis  of  photometric  tests. 
The  light  that  counts  is  the  light  that  is  actually  employed  in  the 
revealing  of  objects  to  human  vision.  And  I  may  suggest  that  for 
general  illumination,  three  feet,  so  often  employed  in  photometric 
tests,  is  lower  than  the  plane  of  greatest  usefulness  for  general 
illumination. 

The  color  of  lamp  shades  and  refractors  is  highly  important. 
Those  in  golden  yellows,  ambers  and  light-browns  are  safe  almost 
anywhere.  In  a  red  room,  blue  or  green  shades  should  never  be 
used,  nor  red  shades  in  a  green  room.  As  I  have  already  intimat- 
ed, rooms  finished  in  dark  colors  are  almost  impossible  to  illumin- 
ate brilliantly,  and  look  best  when  kept  comparatively  dim. 
Whether  the  room  be  light,  or  dark,  the  material  of  the  lamp 
standards  and  fixtures  should  never  be  dark  enough  to  contrast 
strongly  with  the  lights.  A  chandelier  in  hammered  iron  in  a 
classic  Colonial  room  is  an  atrocity. 

In  the  past  there  has  been  much  complaint  about  the  green- 
ness of  the  light  from  gas  mantle  lamps  and  the  blueness  of  light 
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from  the  mercury  va])or  lamps.  The  method  sometimes  suggested 
to  cure  the  color  is  to  use  shades,  or  to  finish  the  rooms,  in  con- 
trasting colors,  which  is  the  oj^posite  of  what  should  be  done. 
A  mantle  lamp  in  a  green  room  loses  its  greenness  entirely ;  and  in 
an  interior  where  green  and  blues  abound,  as  in  a  palm  garden,  the 
hue  of  the  mercury  lamp  is  not  unpleasantly  noticeable.  This 
emphasizes  my  contention  that  strong  contrasts  in  hue  or  light 
and  shade  should  be  avoided.  There  does  not  appear  to  be  any- 
thing intrinsically  disagreeable  about  ultra-blue  light  for  the  eye 
that  is  used  to  it.  Only  when  accentuated  by  contrast  does  it 
offend.  This  suggests  the  answer  to  a  question  put  to  me  recently 
by  a  young  man  who  asked  how  he  could  learn  to  see  the  red  of 
the  incandescent  lamp,  the  yellow  of  gas  and  the  kerosene  lamp, 
and  the  green  of  the  gas  mantle  lamp.  Not  until  I  pointed  out  how 
red  the  electric  signs  seem  when  the  air  is  blue  with  fog  or  mist 
then  his  eyes  began  to  perceive  the  fact.  The  green  of  the  mantle 
lamp  was  revealed  to  him  by  a  visit  to  an  interior  with  red  walls. 
The  }ellow  of  gas  and  kerosene  is  most  apparent  against  dark- 
blue. 

The  development  of  color  by  contrast  can  easily  be  illustrat- 
ed in  an  interior  that  has  dark  mahogany  furniture  with  green 
upholstery  and  draperies.  Put  a  red  shade  on  the  lamp  and  the 
mahogany  becomes  lighter  in  tone  and  less  prominent,  while  the 
green  fabrics  become  darker  in  tone  and  advance  toward  the  eye. 
Put  a  green  shade  on  the  lamp,  the  reverse  happens  and  you  have 
to  be  careful  not  to  stumble  into  the  furniture. 

What  makes  most  Mission  furniture  so  displeasing  to  persons 
of  fine  taste  and  culture  is  not  so  much  that  it  is  the  negation  of 
style,  and  lumbers  up  the  house  with  its  waste  of  wood,  as  that 
its  dark  colors  accentuate  the  unwieldliness  and  necessitate  an 
environment  that  it  is  impossible  to  light  satisfactorily.  Let  who 
will  cry  aloud  for  darkness  in  decoration,  the  illuminating  en- 
gineer should  demand  light  colors. 

The  best  that  can  be  done  in  a  room  with  dark  walls  and 
ceiling  is  to  use  small  units  generously  distributed  and  enclosed  in 
globes  or  crystals  that  are  competent  to  break  up  the  light  and 
distribute  it  without  mural  assistance.  To  direct  all  the  li^ht  to 
the  floor, — although  this  does  produce  high  photometric  tests  in 
the  plane  of  illumination — is  to  apply  to  general  illumination,  prin- 
ciples that  are  properly  applicable  to  local  illumination  only.  And 
even  in  local  illumination  the  light  reflected  from  book  or  em- 
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broidery  is  much  more  agreeable  if  it  has  been  subdued  before 
reaching  the  object  ilhiminated.  The  printed  page  that  shines 
beneath  the  Hght  reflected  down  from  the  white  pohshed  surface 
of  a  tin  desk  shade  is  not  Hghted  efficiently,  though  invariably 
lighted  too  much.  A  smaller  amount  of  light  from  an  opal  globe 
or  frosted  bulb  is  infinitely  preferable. 

Illuminating  surfaces  are  a  necessity  in  artificial  lighting. 
They  may  glow  by  refracted  light  or  shine  by  reflected  light,  but 
you  can  no  more  get  along  without  them,  than  you  can  pull  your- 
self up  by  your  bootstraps.  And  the  light  eaten  up  by  these  sur- 
faces is  not  wasted  unless  they  are  opaque  or  dark  in  color  and 
exact  too  high  a  toll.  If  they  reflected  and  refracted  perfectly, 
walls  and  ceiling  and  floor  would  be  solid  mirrors  reflecting  and 
re-reflecting  unshaded  flames ;  this  would  be  the  extreme  of  econo- 
my, but  it  would  not  be  decorative  illumination. 

The  light  that  is  eaten  up  by  reflecting  and  refracting  surfaces 
is  not  wasted.  Its  disappearance  tones  down  the  luminous  white- 
ness, leaving  the  light  that  is  not  devoured  fit  to  illuminate  objects 
utilized  as  a  reflecting  surface. 


DISCUSSION  OF  MR.  HUNTER'S  PAPER  BY  THE  NEW 

YORK  SECTION. 

Mr.  H.  F.  Huber. — The  logical  sequence  of  treating  an  in- 
terior with  which  illumination  has  so  much  to  do,  is  to  take  into* 
consideration  the  desires  of  the  man  who  is  creating  the  build- 
ing, namely,  the  architect.  It  is  the  duty  of  a  man  who  comes 
after  the  architect  to  embellish  or  complete  the  interior,  to  fol- 
low out  the  architect's  ideas,  and  to  attempt  to  increase  and  carry 
out  the  effects  which  it  was  the  architect's  intention  to  have 
carried  out  in  the  building. 

Heretofore  it  has  always  seemed  to  me  to  be  the  idea  that  eachi 
one  was  going  to  show  what  he  could  do  regardless  of  the  other. 
That  has  been  the  means  of  creating  a  great  deal  of  ill-feeling- 
among  the  profession  of  architects  and  the  trade  of  decorators. 
And  so  it  has  been  with  other  branches  of  trade  dealing  with  this 
subject,  namely,  the  chandelier  and  electric  fixtures  manufac- 
turers, who  look  for  the  opportunity  of  putting  in  as  many  lamps 
or  fixtures  as  they  can  get  into  the  building,  to  make  their  work 
sufficientlv  nrominent  so  that  any  prospective  customer  coming; 
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into  the  building*  will  be  more  impressed  with  the  fixtures  than 
with  the  rooms  which  these  fixtures  are  supposed  to  illuminate. 

All  the  trades  should  work  in  unison.  The  illuminating  en- 
gineer should  be  called  in  consultation  by  the  architect  and 
by  every  man  who  has  any  work  to  carry  out  in  the  building 
relating  to  form  or  color.  Unfortunately  the  electrical  engineer 
under  the  direction  of  the  architect  usually  distributes  a  number 
of  outlets,  regardless  of  what  the  final  treatment  of  the  room 
is  to  be,  and  the  result  has  not  been  satisfactory.  The  architect 
should  consult  the  illuminating  engineer  or  the  man  who  is 
handling  the  illuminating  work  regarding  the  placing  of  the  out- 
lets and  the  manner  of  illuminating  the  building  before  the  con- 
tracts of  the  building  have  been  given  out. 

Dr.  H.  H.  Seahrook. — There  is  a  great  deal  of  difference  in 
colors  according  to  the  intensity  of  illumination.  If  on  a  black 
ground,  a  disc  of  red  and  green  is  placed,  and  this  is  illuminated 
by  red  light,  the  green,  if  it  is  greenish-blue  will  disappear  and 
merge  into  the  black,  because  the  two  are  neutralized,  forming 
the  complementary  color.  If  we  reverse  it,  and  use  green  light, 
the  green  becomes  brighter,  while  the  red  is  neutralized.  If  this 
is  changd  to  a  white  background,  then  the  principle  of  simul- 
taneous contrast  applies.  Mr.  Hunter  has  shown  this  in  the 
paper  beautifully  as  far  as  the  actual  results  are  concerned.  The 
principle  of  simultaneous  contrast  rests  upon  the  fact  that  the 
white  surface  receives  the  illumination  from  the  color,  whether 
through  colored  glass,  or  from  the  illuminant,  and  that  color,  by 
contrast,  makes  the  central  color  appear  paler.  I  should  say 
that  in  using  colored  globes,  we  have  the  principle  of  simul- 
taneous contrast,  because  of  the  white  beneath. 

The  law  of  simultaneous  contrast  has  been  followed  out  in  all 
its  entirety  mathematically  with  kerosene,  ordinary  gas  burner, 
Welsbach,  acetylene,  and  the  incandescent  lamps,  tests  having 
been  made  with  colored  letters  upon  a  white  ground.  The 
demonstrations  show  a  very  peculiar  state  of  affairs.  Dr.  Franz 
Becker  remarks  that  there  arc  many  surprises,  but  the  most 
surprising  thing  of  all  to  me  he  does  not  mention  in  his  paper 
on  the  effect  of  color.  The  strong  blue,  acetylene  lamp,  with  its 
violet  light  in  excess  of  daylight,  and  the  kerosene  lamp  with 
its  one-tenth  of  violet  light  rays,  and  its  excess  of  red  give  the 
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best  color  contrast,  and  with  the  incandescent  lamp  and  the  gas 
lamp  the  contrasts  are  the  poorest. 

Regarding-  the  question  of  the  taste  of  artists,  to  which  Mr. 
Hunter  referred,  we  have  many  artists  of  recent  years,  of  what 
are  called  the  Impressionist  School,  who  give  us  curious  green 
and  more  recently  purple  effects,  and  form  effects  with  dim 
outlines.  Some  oculists  have  shown  that  the  Impressionist 
School  of  Artists  are  men  with  defective  vision  for  form,  and 
many  of  them  are  affected  with  partial  color  blindness,  which 
leads  them  to  exaggerate  some  colors  in  their  pictures  and  sup- 
press others. 

There  is  a  science  back  of  this  thing,  and  when  the  science 
becomes  properly  merged  with  the  art,  then  of  course  we  will 
have  exactly  what  we  want  to  perpetuate  the  art ;  but  that  merg- 
ing must  come  from  men  like  Mr.  Hunter,  men  of  taste,  ob- 
servation and  real  science,  and  they  must  formulate  these  things 
into  what  might  be  called  mathematical  and  scientific  consistency. 

Mr.  E.  Y.  Porter. — There  is  just  one  point  upon  which  I  would 
like  to  take  issue  with  Mr.  Hunter  and  that  is  in  reference  to 
the  sentence  where  he  says,  ''The  light  that  blinds  the  eye  at 
three  feet  is  harmless  at  nine,  having  lost  eight-ninths  of  its 
intensity."  If  by  that  is  meant  the  source  of  light,  I  think  it  is 
an  error,  because  the  intensity  upon  any  particular  infinitesimal 
portion  of  the  retina  remains  practically  the  same, — theoreti- 
cally it  does  remain  the  same, — no  matter  at  what  distance  the 
lamp  is  viewed.  Of  course,  eventually  the  bright  point  of  light 
becomes  so  very  small  that  it  affects  so  few  of  the  optic  nerves 
as  to  lose  its  effective  glare,  but  roughly  speaking  the  light  from 
an  incandescent  lamp  at  three  feet  is  no  more  intense  on  any 
particular  part  of  the  retina  than  it  is  at  two  or  three  times 
that  distance. 

Dr.  Louis  Bell. — It  should  be  especially  recognized  that  the 
colors  on  paper  and  on  paints,  with  which  the  decorators  have 
to  deal,  are  two  very  different  things.  The  colors  in  paints  are 
much  easier  to  deal  with  in  the  matter  of  illumination  than  the 
colors  in  papers,  because  the  colors  in  paints  show  what  might 
be  technically  called  diffuse  general  selective  reflection,  whereas 
those  in  the  colored  papers,  which  are  generally  dyed  with  a 
so-called  aniline  color,  are  things  which  show  the  most  eccentric 
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kind  of  selective  reflection.  Ordinary  paints,  therefore,  change 
tones  somewhat.  Blues  in  papers  almost  universally  show  a  lot 
of  blue-green,  which  causes  all  kinds  of  disturbance  when  the 
lights  begin  to  verge  on  blue  or  green.  A  good,  pure,  green 
paint  or  colored  paper  is  pretty  near  an  impossibility;  the  best 
greens,  the  purest  greens  that  we  get  are  blue-greens.  Many 
of  the  brilliant  greens  found  in  some  parts  of  the  spectrum  are 
never  found  in  pigments  at  all.  Green  is  always  complicated 
with  something  else.  Five  greens  out  of  six  in  papers  have  a 
very  considerable  red  component,  and  in  certain  combinations 
of  light  that  tone  comes  out  strongly.  One  of  the  very  best  deep 
red  screens  for  dark  room  use  for  photographers  can  be  made 
by  superimposing  a  deep  red  on  a  deep  green,  the  resultant  deep 
red  band  which  is  transmitted  by  the  green  is  a  very  dark  cherry 
red  which  will  not  affect  the  most  sensitive  plate.  The  yellow 
greens  run  into  orange  and  up  into  the  blue.  Pure  yellows,  in 
a  similar  way,  are  extremely  difficult  to  find — they  run  both  ways, 
into  the  orange  and  yellow-green,  over  a  wide  range.  All  the 
yellowish  oranges  and  pinkish  shades  found  in  papers  are  most 
complex  combinations  of  colors. 

Reds  almost  always  include  a  lot  of  light  orange  and  yellow 
and  yellow-green,  and  also  frequently  quite  a  bit  of  violet.  It  is 
almost  impossible  to  find  any  one  dye  put  on  pap%r  or  fabrics 
w^hich  does  not  let  through  two  distinct  elements  of  the  spec- 
trum, and  consequently  these  colored  papers  and  colored  fabrics 
make  the  most  extraordinary  jumps  in  color  tone,  when  the  color 
of  the  light  is  considerably  changed.  Instead  of  merely  darken- 
ing and  changing  tone  a  little  they  pass  from  one  thing  to  the 
other  with  extraordinary  violence,  so  that  it  would  really  be 
worth  while  for  the  decorator  to  put  the  spectroscope  on  all 
papers  and  see  what  colors  they  contain.  Of  two  reds,  greens 
or  yellows,  for  example,  which  look  to  the  eye  almost  precisely 
alike,  one  will  hold  its  color  fairly  well  under  artificial  light,  and 
the  other  will  pass  off  into  something  entirely  different.  With 
paints  one  can  get  comparatively  constant  and  consistent  results, 
but  the  eccentricity  of  the  absorption  in  the  dyes  used  in  papers 
is  a  subject  which  merits  a  great  deal  of  study  from  the  stand- 
point of  the  decorator. 

Mr.  A.  J.  Marshall. — I  should  like  to  say  a  word  in  reference 
to  the  paragraph  in  which  Mr.   Hunter  says:  ''Of  the  twenty- 
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six  ciFcs  illustrated,  the  only  one  that  shows  an  effective  lig"ht 
distribution  is  the  one  with  the  bare  lamp.  In  most  of  the  other 
cases  reflectors  and  refractors  of  various  types  have  succeeded 
in  taking  the  light  from  ceiling  and  upper  walls  that  can  dis- 
tribute effectively,  and  in  concentrating  it  on  the  floor  where  it 
is  objectionable.  I  would  not  for  a  moment  deny  the  value 
of  prismatic  shades  and  globes  in  many  instances,  especially 
where  a  room  is  too  high  and  the  plane  of  illumination  really 
needs  to  be  lowered,  but  often  ignorance  of  the  importance  of 
walls  and  ceiling  in  light  distribution  leads  to  serious  and  ex- 
pensive error." 

It  seems  to  me  that  in  the  main  this  paragraph  is  rather  in- 
consistent, inasmuch  as  generally  in  a  room  used  for  living  pur- 
poses it  is  essential  to  illuminate  more  brilliantly  the  lower  por- 
tion than  the  upper  side  walls  and  ceiling.  If  one  relies  on  the 
reflecting  ability  of  the  average  covering  used  for  walls  and 
ceiling  he  will  find  it  exceedingly  expensive  to  obtain  the  desired 
amount  of  illumination  in  the  lower  portion  of  the  room.  It  is 
absolutely  necessary,  however,  that  the  upper  portion  of  the 
room  should  not  be  in  darkness,  and  this  is  just  where  the  pris- 
matic globe  and  reflector  meets  the  demand,  as  it  not  only  de- 
livers to  the  plane  to  be  illuminated  the  maximum  rays  of  the 
light  source,  but  also  permits  of  a  certain  quantity  of  the  rays 
emitted  by  the  light  source  to  penetrate  its  back,  giving  to  the 
upper  portions  of  the  space  sufficient  lays  to  light  it  in  keeping 
with  the  maximum  thrown  below  the  horizontal.  It,  therefore, 
seems  to  me  that  this  type  of  globe  and  reflector  accomplishes 
just  what  Mr.  Hunter  desires. 

While  the  question  of  color  in  general  is  up,  I  should  like 
to  be  permitted  to  say  a  word  or  two  on  a  theory  that  I  have 
as  to  the  method  now  used  in  illustrating  symbols  in  printing. 
At  the  present  time  by  far  the  greatest  percentage  of  all  matter 
is  printed  by  the  use  of  black  ink  on  white  paper,  which,  to  my 
mind,  seems  to  be  just  the  reverse  of  what  we  should  have.  In 
other  words,  it  is  my  opinion  that  much  better  results  could  be 
obtained  by  the  use  of  light  tinted  symbols  on  dark  tinted  paper. 
With  the  printing  of  today,  we  do  not  actually  see  the  symbol, 
provided  we  can  assume  that  the  ink  which  is  used  absorbs  all 
the  light  rays  striking  its  face,  but  rather  see  the  print  by  con- 
trast. In  other  words  we  see  the  white  paper  and  not  the  print. 
If  we  would  use  light  tinted  symbols  on  dark  paper  the  symbols 
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then  would  reflect  the  light  rays  and  we  would  therefore  see 
directly.  As  an  example,  we  may  point  to  the  blackboard  on 
which  generally  white  chalk  is  used,  or  the  method  generally 
employed  in  our  street  signs,  where  a  blue  background  is  used 
with  white  lettering. 

Mr.  G.  L.  Hunter. — While  I  did  not  bring  out  in  my  paper 
the  point  Mr.  Marshall  made  about  the  refraction  of  the  globes,  I 
realize  this  as  one  of  the  most  important  and  valuable  features 
of  the  refracting  reflectors  and  reflecting  refractors.  It  was 
far  from  my  intention  to  deny  them  value  in  the  actual  placing 
of  light,  which  is  to  be  derived  by  means  of  these  refracting 
reflectors.  I  simply  deplored  their  use  where  they  arc  unneces- 
sary. 

I  should  like  to  speak  of  the  law  of  inverse  squares  that  has 
been  criticized  by  Mr.  Porter.  Most  of  us  are  sufficiently  fa- 
milar  with  it  to  realize  that,  as  the  distance  from  the  lamp  increases, 
the  light  is  distributed  over  area  that  varies  as  the  square 
of  the  distance.  The  result  is  that  less  light  enters  the  eye,  vary- 
ing in  the  inverse  proportion.  It  is  easy  to  test  the  matter  prac- 
tically by  putting  the  naked  eye  within  one  inch  of  an  incandes- 
cent lamp.  See  whether  the  glare  is  not  more  hurtful  to  the  eye 
there  than  at  ten  feet  away? 


DISCUSSION  OF  MR.  HUNTER'S  PAPER  BY  THE  CHI- 
CAGO SECTION. 

Mr.  F.  J.  Pearson. — I  am  particularly  struck  with  the  forcible 
way  in  which  Mr.  Plunter  refers  to  the  colors  in  nature,  and  es- 
pecially to  the  illustration  he  uses  regarding  the  rising  and  set- 
ting of  the  sun.  I  remember  asking  a  prominent  designer  (one 
whose  styles  are  very  much  sought  after  and  who  enjoys  quite 
a  reputation)  the  secret  of  her  success  and  popularity.  She  said 
that  her  success  was  due  to  her  faculty  of  being  able  to  combine 
the  colors  of  nature  in  her  work.  She  was  in  the  habit  of  study- 
ing the  natural  foliage  and  the  colors  at  sunrise,  and  noting  the 
colors  at  sunset.  She  believed  this  to  be  largely  the  secret  of  her 
success. 

A  few  days  ago  I  asked  a  prominent  decorator  to  what  he 
attributed  his  good  work,  that  is,  where  he  had  a  free  hand  to 
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do  as  he  pleased.  He  believed  his  success  lay  in  a  close  adher- 
ence to  the  color  scheme  prevalent  in  nature.  He  also  said  that 
unquestionably  the  treatment  of  light  in  illumination  should  al- 
ways be  on  the  basis  of  natural  light,  that  is,  the  light  from 
natural  sources,  both  as  respect  to  colors  and  general  scheme. 
All  of  this  leads  me  to  believe,  without  having  made  any  great 
study  of  the  matter,  that  successful  lighting  as  applied  to  decora- 
tion must  take  into  consideration  the  colors  of  nature  and  the 
colors  present  during  daylight. 

The  author  has  mentioned  that  it  is  a  wise  thing  to  avoid 
strong  contrasts  in  colors.  I  think  that  is  true  in  some  respects. 
He  says  in  a  room  where  green  is  prevalent  to  avoid  the  use  of 
red  shades,  and  where  red  is  prevalent  to  avoid  the  use  of  green 
shades.  I  certainly  believe  there  would  be  some  question  among 
decorators  as  to  the  advisability  of  this.  Where  the  prevailing 
color  is  green,  almost  invariably  we  will  find  a  red  shade.  I 
don't  feel  competent  to  say  whether  he  is  right,  but  public  opin- 
ion and  general  practice  gives  a  line  on  some  things  which  we 
must  observe  more  or  less. 

Mr.  George  H.  Jones. — The  matter  of  having  the  color  of 
shades  exactly  match  the  decorations  of  the  room  cannot  be 
carried  too  far.  When  one  buys  an  expensive  lamp  shade  it  is 
supposed  to  last  many  years,  during  which  time  the  color  of  the 
wall  decorations  may  frequently  be  changed.  It  is,  therefore, 
desirable  to  have  the  shades  of  such  a  tint  that  they  will  har- 
monize with  almost  any  of  the  ordinary  color  schemes  which 
might  be  adopted. 

Chairman  J.  R.  Cravath. — As  I  am  one  of  those  referred  to 
by  Mr.  Hunter  as  exerting  some  effort  to  illuminate  interiors 
without  "wasting"  light  on  ceiling  or  walls,  I  am  glad  that  Mr. 
Hunter  brings  up  this  point  so  prominently  in  his  paper,  that  we 
may  discuss  it  and  come  to  a  better  understanding.  To  begin 
with,  we  should  clearly  understand  what  is  meant  by  "wasting" 
light  on  ceilings  and  v^^alls.  My  idea  of  waste  is  to  give  the 
ceilings  and  walls  an  illumination  in  excess  of  that  required  to 
bring  them  out  properly  and  to  produce  the  diffused  lighting 
necessary  for  comfort.  This  certainly  does  not  mean  that  the 
ceilings  and  walls  are  to  be  deprived  of  all  illumination.  The 
point  that  a  great  many  of  us  in  the  illuminating  engineering 
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field  have  been  trying  to  make  is  that  in  the  majority  of  cases 
more  illumination  has  been  expended  on  ceilings  and  walls  than 
is  necessary,  and  that  therefore  there  is  an  undue  waste  of  illu- 
mination  which  might  better  be   expended    in    a  plane    where 
needed  for  use  by  the  occupants  of  the  room.     I  have  observed 
in  many  cases  that  the  relative  percentage  of  illumination  on  the 
side  walls  and  ceilings  can  be  considerably  reduced  without  im- 
pairing the  general  effect,  and  that  in  so  doing  we  may  recover 
for  utilitarian  and  commercial  purposes  considerable  light  other- 
wise wasted  by  absorption  and  multiple  reflection.     It  is  not  un- 
natural that  Mr.  Hunter  should,  as  a  decorator,  look  chiefly  to 
the  illumination  of  walls  and  ceilings  rather  than  to  the  illumi- 
nation of  planes  of  the  room  where  the  occupants  have  particular 
need  for  it.     In  99  out  of  100  cases,  however,  where  artificial 
light  is  used  commercial  economy  is  in  some  degree  an  object 
and  the  illumination  of  decorations  on  ceilings  and  side  walls  is 
of  secondary  consideration.     At  the  present  time  it  is  generally 
true  that  walls  and  ceilings  receive  a  larger  proportion  of  the 
total  illumination  by  artificial  light  at  night  than  they  do  by  nat- 
ural light  from  the  windows  in  the  daytime.     So  far  as  bringing 
out  a  room  as  an  example  of  the  decorator's  art  is  concerned, 
artificial  illumination,  therefore,  offers  greater  opportunities  than 
natural  illumination.     But  that  is  no   reason   why  the  artificial 
lighting  of  the  decorations  should  be  overdone. 

The  diffuse  reflection  from  walls  and  ceilings  is  a  very  pleasant 
and  comfortable  addition  to  the  direct  rays  from  a  source  of 
light  in  a  room  when  it  is  received  upon  a  reading  page  or  on  any 
object  upon  which  our  attention  may  be  centered.  As  to  how 
large  a  proportion  of  this  total  light  should  be  received  by  dif- 
fuse reflection  from  walls  and  ceiling  and  how  large  a  proportion 
direct  from  the  lam])  or  its  reflector  is  a  matter  which  is  worth 
careful  consideration  in  any  case.  As  Mr.  Hunter  has  pointed 
out  it  is  useless  to  depend  on  a  dark  wall  or  ceiling  for  much 
diffuse  reflection.  On  the  other  hand,  we  may  receive  all  our 
useful  light  by  diffuse  reflection  from  a  light  ceiling  and  none 
directly  from  the  source.  In  the  latter  case  we  lose  in  efficiency, 
but  the  loss  may  in  some  cases  be  justified  by  the  eye  comfort. 

Mr.  Von  Hoist. — I  am  much  impressed  by  the  statement  of  Mr. 
Hunter  in  regard  to  avoiding  contrasts  not  only  in  the  color 
decoration,  but  also  in  the  illumination.     Take  for  instance  this 
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particular  room  ;  to  light  it  in  day  time  there  are  windows  in  the 
walls.  In  this  particular  case  there  are  two  openings  in  the  end 
wall  and  a  very  small  proportion  of  openings  in  the  long  side  wall. 
If  we  had  only  the  glass  between  our  eye  and  the  outside  light 
and  no  hangings  in  front  of  those  openings  the  contrasts  of  the 
natural  lighting  in  the  daylight  would  be  too  great ;  there  would 
be  a  dark  wall  and  a  light  space  of  the  window  and  again  a  dark 
wall.  The  hangings  help  to  reduce  that  contrast  and  to  blend 
the  openings  for  the  admission  of  light  and  the  walls  together. 
That  same  effect  should  be  sought  for  in  artificial  lighting.  The 
purpose  for  which  the  room  is  intended  has  a  great  deal  to  do 
with  the  general  scheme  of  lighting.  In  the  corridors  and  halls 
one  would  naturally  want  a  more  diffused  lighting  because  when 
coming  into  a  hall  or  corridor  he  desires  to  be  able  to  see  clearly 
the  different  doors  and  the  stair  case.  In  other  words,  the  illumi- 
nation should  be  of  such  a  character  as  to  avoid  spots  of  light, 
and  the  light  should  be  well  diffused.  Yellow  is  the  most 
pleasing  and  cheerful  color,  and  the  light  from  artificial  illumi- 
nants  should  be  yellow  and  diffused  so  that  the  effect  of  a  well 
lighted  room  is  obtained.  In  a  ball  room  where  there  is  a  great 
deal  of  ornamental  plaster  work,  if  there  are  too  many  spots  of 
light  the  fixtures  will  throw  shadows  which  were  not  intended  by 
the  architect  or  decorator. 

A  den  or  library  should  have  just  sufffcient  light  to  illuminate 
it.  There  should  be  a  lamp  at  the  seat,  and  possibly  just  a  few 
clusters  between  the  beams.  In  such  a  room  one  does  not  care 
for  a  brilliant  illumination. 

I  wish  to  say  a  little  regarding  predominating  colors.  In 
decorating  a  room  one  should  first  settle  on  a  general  color 
scheme.  If  the  scheme  is  blue,  one  should  make  that  color  a 
dominating  one.  This  point  is  brought  out  in  Mr.  Hunter's  paper 
very  clearly  in  recommending  cool  colors  in  the  north  room  and 
warm  colors  in  the  south  room.  If  the  panel  work  of  a  room  is 
treated  in  red  and  lamps  with  green  shades  are  installed,  the  two 
will  fight,  while  if  the  shades  are  red  they  will  suit  the  general 
color  scheme  verv  nicelv. 


EXTENSION   OF   GAS   FOR   II.I.UMINATION.* 


By  G.  W.  Thomson. 


At  the  various  conventions  of  gas  associations,  also  the  meet- 
ings of  the  Ilkiminating  Engineering  Society,  many  papers  have 
been  read  and  discussed  on  the  general  subject  of  ''Gas  Lighting." 
These  papers  have  covered  the  early  history  of  both  gas  and  gas 
fixtures,  and  as  all  of  these  papers  are  on  record,  it  is  not  my 
purpose  to  go  into  that  early  histor\  ;  but  I  do  want  to  call  your 
attention  to  the  gas  lighting  of  the  present.  Gas  engineers  and 
fixture  manufacturers  by  their  perseverance  and  enthusiasm  have 
designed,  built,  and  put  on  the  market,  gas  fixtures  with  new 
principles  that  are  most  practicable  in  their  application,  and  by 
the  use  of  which  a  wonderful  advance  in  gas  lighting  has  been 
made. 

One  fixture  manufacturer  who  is  interested  in  the  art  of 
illumination,  after  being  called  upon  a  number  of  times  to  build 
efficient  gas  chandeliers,  has  designed  some  that  have  beauty, 
strength  and  symmetry,  without  sacrificing  the  proper  illumina- 
tion. 

The  cost  of  some  of  these  fixtures  has  run  as  high  as  $i,ooo 
or  $i,ioo.  By  doing  this  special  work,  it  assured  him  that  there 
are  people  who  prefer  and  will  use  gas  for  illumination.  This, 
and  many  suggestions  from  the  Illuminating  Engineering  Society, 
have  been  the  means  of  his  issuing  two  new  gas  fixture  catalogues. 
One  is  confined  to  a  higher  class  of  chandeliers  to  be  use  1  in 
connection  with  the  inverted  gas  burner :  the  other  deals  vvith 
especially  designed  chandeliers  suitable  for  upright  burners.  The 
demand  for  lamps  of  small  candle  power  has  been  met  by  high 
class  brackets  to  be  used  in  living  or  sitting  rooms,  and  equipped 
with  the  Welsbach  lamps  of  20  candle  power.  This  method  of 
illuminating  the  sitting  or  living  rooms  has  become  very  popular. 
It  not  only  lends  itself  to  attractive  and  artistic  effects,  but  is 
much  more  efficient.  They  can  be  used  as  individual  reading 
lamps,  and  save  crowding  around  the  library  table. 

Many  artistic  and  elaborate  installations  of  gas  lighting  have 
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been  made,  and  are  being  made,  the  effect  of  which  is  not  only 
beautiful,  but  being  applied  on  scientific  lines,  affords  good  illu- 
mination. 

By  being  in  contact  with  the  buying  public  and  architects  we 
hope  to  demonstrate  and  prove  to  them  that  gas,  with  just  enough 
tinge  of  yellow  to  make  an  agreeable  appearance,  and  proper  fix- 
tures with  which  to  supply  this  gas  gives  a  satisfactory  and 
good  illumination. 

With  the  introduction  of  the  inverted  gas  burner,  the  possi- 
bilities of  pleasing  and  decorative  arrangement  in  the  case  of  in- 
candescent lamps  have  been  enormously  enhanced.  The  user  of 
light  has  only  himself  to  blame  if  he  fails  to  get  something  at- 
tractive in  the  way  of  gas  lamps ;  there  is  no  lack  of  means  to 
satisfy  even  the  most  fastidious  taste  in  the  world  of  modern  gas 
lighting. 

Great  changes  have  been  wrought  during  the  past  year  in 
the  lighting  and  extinguishing  of  gas  lamps.  They  are  now  being 
lighted  and  extinguished  from  any  one  or  more  distant  points 
throughout  the  building,  by  a  simple  and  reliable  device.  The 
double  push  button,  representing  the  stationary  form  of  igniting 
and  extinguishing,  is  located  in  the  halls,  entrances  to  rooms, ,jetc. 
This  form  of  lighting  and  extinguishing  is  also  accompiisiied  by 
a  cord  or  pendant  switch  suspended  from  the  fixture.  It  is  a 
saver  of  gas,  mantles  and  chimneys.  Gas  lamps  in  any  number 
can  also  be  lighted  and  extinguished  by  means  of  a  double  piping 
system ;  that  is,  the  feed  and  pilot.  I  might  say  that  great  strides 
have  been  made  with  this  system  in  the  lighting  of  large  halls, 
churches,  signs,  show  windows,  etc. 

The  "Jump-Spark  System"  and  the  ''Straight-Spark  Lighting 
System"  have  been  and  are  used  very  extensively  for  long  distance 
lighting.  The  jump-spark  system  of  lighting,  as  applied  to  the 
inverted  burner  is  a  distinct  improvement  over  the  straight-spark 
used  in  connection  with  the  upright  burner.  Long  rows  of  in- 
verted lamps  are  being  lighted  from  one  switch  with  or  without 
the  use  of  pilot  lamps.  By  means  of  the  automatic  clock,  gas 
lamps  are  being  shut  off  at  set  hours.  This  is  especially  used  on 
show  window  displays,  there  being  many  progressive  merchants 
who  allow  their  window  lamps  to  burn  until  ii  o'clock  or  some 
set  hour,  when  the  clock  automatically  shuts  the  gas  off. 

By  the  use  of  a  swivel  joint,  gas  arcs  are  hung  at  the  top 
of  flag  poles.     This  system  also  allows  for  the  swinging  of  gas 
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arcs  in  foundry  li.qlitino:,  liii^h  sii2:n  or  street  illumination.  With 
the  swivel  or  union  ball  joint,  the  g'as  arms  can  be  raised  and  low- 
ered tor  cleanino-  or  renewal  of  mantles,  etc.,  similar  to  the  mast 
arm  used  with  the  electric  arc  in  street  lio-htino^.  The  illumination 
of  machine  sho])  or  foundry  floors  is  much  more  evenly  distributed 
than  by  the  old  wall  lam]xs  ov  drop  lamps  above  travelling  cranes. 

Combination  chandeliers  are  now  designed  wdiereby  the  gas 
arms  are  being  inverted  and  the  electric  arms  are  upright.  The 
gas  is  provided  for  illumination,  the  electric  for  decoration.  This 
is  a  step  in  the  right  direction,  as  the  inverted  lamp  can  be  used 
with  better  effect  and  greater  economy  than  the  upright  burner, 
as  one-third  of  the  light  from  upright  burners  is  not  thrown  in 
the  right  direction.  The  fixtures  are  built  along  artistic  lines 
and  will  certainly  give  gas  lighting  with  combination  chandeliers 
a  verv  pronounced  advantage  over  the  former  types.  They  in- 
crease the  illumination  and  reduce  the  cost. 

At  the  January  meeting  of  the  National  Commercial  Gas 
Association,  a  block  chain  stem  inverted  gas  fixture  was  shown. 
The  sample  shown  was  a  dining  room  fixture  with  art  glass  dome. 
This  simple  invention  is  a  boon  to  gas  lighting  because  it  enables 
one  to  produce  decorative  eft'ects  for  inverted  burners,  that  to  a 
certain  extent  arc  superior  to  the  old  devices  for  illuminating 
purposes. 

The  illumination  of  the  sick  room  is  a  problem  that  should 
be  carefully  studied.  There  has  been  put  on  the  market  in  London 
a  new  sick  room  gas  lamp  which  not  only  gives  very  good  illu- 
mination, but  is  used  in  the  treatment  of  certain  nervous  diseases. 
The  mantle  is  focussed  in  a  silvered  reflecting  hood  fitted  with  a 
handle  so  that  the  light  can  readily  be  accommodated  to  the  face 
when  the  burner  is  suspended  from  a  metallic  tube.  A  sliding 
and  jointed  bracket  and  a  balance  weight  arc  employed,  w^hich 
enable  the  lamp  to  be  raised  and  lowered  and  moved  from  side  to 
side.  Another  feature  of  the  arrangement  is  the  carrying  of  a 
pneumatic  tube  inside  the  flexible  tube,  thus  enabling  the  patient 
to  control  the  light  from  the  bed ;  the  by-pass  acts  as  a  very 
effective  night  lamp.  One  special  advantage  of  the  arrangement 
is  that  the  nurse  can  have  the  light  thrown  upon  a  table  while  it 
is  screened  from  the  patient  until  it  is  actually  required  to  fa- 
cilitate the  giving  of  food  or  medicine.  This  arrangement  was 
devised  for  the  particular  ])urpose  mentioned.  It  will  be  apparent 
that  the  contrivance  will  be  ])articularly  useful  in  any  bed  room, 
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especially  for  people  who  are  fond  of  reading  in  bed.  The  slid- 
ing and  jointed  bracket  combined  with  any  form  of  inverted 
burner  and  shade  should  be  appreciated  for  office  or  work  shop 
use. 

An  inverted  gas  arc  lamp  of  handsome  design  has  been  put 
on  the  market  for  the  illumination  of  armories,  halls,  or  most 
any  large  area.  This  lamp  will  certainly  find  a  field  which  has 
not  been  filled  by  the  upright  lamp. 

The  operating  and  maintenance  costs  of  present-day  gas 
lamps  have  been  reduced  over  the  old  method  of  lighting,  and 
illumination  increased.  The  writer  has  the  optimistic  opinion  that 
the  near  future  will  show  even  greater  possibilities  of  further  ad- 
vancement in  the  use  of  gas  for  illuminating  purposes. 
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EYESIGHT  AND  ARTIFICIAL  ILLUMINATION.* 


By  John  T.  Krall,  M.  D. 


When  a  beam  of  sunlight  falls  into  the  eye,  a  sensation  of 
''white  light"  results.  The  part  of  the  retina  acted  upon  is  the 
layer  of  rods  and  cones.  As  to  the  transformation  undergone  by 
the  ethereal  vibrations  in  the  rods  and  cones,  various  theories  have 
been  formed.  The  one  most  commonly  accepted  is  the  photo- 
chemical theory,  which  supposes  that  some  chemical  change  pro- 
duced in  the  rods  and  cones  under  the  influence  of  light  sets  up 
impulses  in  them  which  ascend  the  optic  nerve.  This  is  the  most 
profitable  of  all  the  theories,  notwithstanding  the  fact  that  the  dis- 
covery by  Boll  of  the  famous  visual  purple  or  rhodopsin,  which  at 
first  seemed  likely  to  place  it  upon  a  sure  foundation,  has,  since 
the  elaborate  investigations  of  Kiihne,  lost  much  of  its  sig- 
nificance in  this  regard.  It  has  disappointed  the  hopes  that  existed 
in  sanguine  minds,  and  has  not  explained,  or  even  lessened,  the 
mystery  of  vision. 

In  considering  the  question  of  artificial  illumination  it  must 
be  remembered,  therefore,  that  as  the  action  of  light  on  the  retina 
is  photo-chemical,  the  danger  from  over-stimulation  depends  upon 
the  photometrical  sensitiveness  which  reaches  its  maximum  in 
the  yellow-green  part  of  the  spectrum.  The  red  and  violet  ends 
of  the  spectrum  are  inefifective  in  vision,  consequently  must  pro- 
duce very  little  photo-chemical  change  in  the  retina.  The  danger 
of  any  source  of  light,  therefore,  lies  not  in  the  peculiarities  of 
radiation,  but  rather  in  its  excessive  brilliancy.  Over-stimulation 
depends  on  the  concentration  of  the  flow  of  energy  in  the  image 
on  the  retina,  which  in  turn  depends  upon  the  luminous  radiation 
per  unit  of  surface  of  the  source.  Kerosene  lamps,  candles,  etc., 
never  produce  over-stimulation,  as  they  possess  only  a  few  candle 
power  per  square  inch,  against  some  hundreds  in  arc  and  high 
efficiency  incandescent  lamps. 

Many  authorities  on  diseases  of  the  eye  would  have  us  go  back 
to  the  feeble  candle,  or  the  but  slightly  better  kerosene  lamp  of  our 
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ancestors,  because  of  that  terrible  bugaboo,  ultra-violet   ray,    or 
X-ray,  or  some  other  obscure  radiation. 

Our  streets,  places  of  amusement,  and  even  our  homes  are 
flooded  with  brilliant  illumination  to-day  as  compared  to  the  dark- 
ness of  our  forefathers,  consequently  our  eyes  have  become 
adapted  to  the  brilliant  illumination  and  brighter  retinal  images  to 
such  an  extent  that  the  dim  light  of  candles  and  kerosene  appears 
doubly  so  in  comparison.  This  is  clearly  demonstrated  when  per- 
sons living  in  our  large  cities  travel  out  into  the  country,  far 
from  the  glare  of  intense  lighting.  The  night  is  of  inky  black- 
ness to  them,  and  they  cannot  see  surrounding  objects  nearly  so 
closely  as  those  accustomed  to  it.  The  eye  must  first  become 
adapted  to  the  low  light  stimulus,  and  as  the  problem  of  proper 
lighting  applies  mostly  to  the  large  centers  where  , population 
is  dense,  the  competition  is  so  keen  in  all  business,  professional, 
student  and  social  life,  that  the  eyesight  is  forced  to  its  utmost  in 
the  struggle  for  the  survival  of  the  fittest.  Kerosene  and  candles 
may  do  well  enough  for  those  unaccustomed  to  bright  light,  but 
certainly  cannot  apply  to  those  living  in  cities. 

The  importance  of  sufficient  light  is  made  manifest  by  any  at- 
tempt to  read  in  the  twilight  or  in  a  dimly  lighted  room.  The 
tendency  is  to  hold  the  paper  too  near  the  eyes  in  order  to  secure  a 
large  retinal  image,  or  possibly  take  advantage  of  the  law  that 
the  illumination  diminishes  as  the  square  of  the  distance.  The 
strain  upon  the  accommodation  and  convergence  brought  about  by 
this  abnormal  near-point,  soon  causes  undue  congestion  of  the  eye- 
ball and  surrounding  tissues,  and  thus  leads  to  increased  inter- 
ocular  tension,  and  to  myopia  or  near-sightedness.  This  tur- 
gescence  of  the  ocular  membrane  is  still  further  favored  by  the 
disturbance  of  the  circulation  and  respiration  brought  about  by 
the  faulty  position  of  the  body  which  is  also  usually  assumed  when 
the  book  is  held  too  near  the  face. 

Steuben,  E.  D.  (In  Diss.,  Amsterdam,  1906)  investigated  what 
;part  the  work  at  home  can  have  on  the  origin  of  myopia,  as 
the  result  of  more  or  less  faulty  illumination.  His  investigations 
include  55  of  the  wealthy  and  46  qf  the  less  opulent  inhabitants 
of  Amsterdam.  The  sources  of  light  were  electricity,  gas  and 
petroleum.  The  light  strength  was  always  determined  photomet- 
rically. In  37.6  per  cent,  of  the  cases  the  illumination  was  insuf- 
ficient, so  he  concludes  that  the  results  of  the  improved  lighting  of 
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the  school  durine^  the  day  is  in  many  cases  annulled  by  the  condi- 
tions at  home. 

The  electric  lamp  is  the  best  source  of  illumination,  so  far  as 
eyesight  is  concerned,  that  is  offered  at  the  present  day.  It  is 
condemned  by  many  writers  without  just  cause,  in  many  in- 
stances simply  because  some  one  considered  as  authority  conceived 
a  dislike  for  it  and  advised  against  its  use.  and  the  next  man 
writing  upon  the  subject  accepts  the  authority  and  passes  it  along 
without  going  to  the  trouble  to  find  out  for  himself.  There  are 
some  few  people  who  require  other  forms  of  illumination  in  order 
to  use  their  eyes  with  comfort,  but  such  cases  are.  as  a  rule,  patho- 
logical, hence  cannot  be  considered  here. 

The  electric  lamp  properly  used  is  a  perfectly  harmless  source 
of  illumination.  It  is  not  the  author's  intention,  however,  to  con- 
vey the  impression  that  the  light  from  the  electric  lamp  does  not 
contain  wave  lengths  that  may  do  very  great  injury  under  special 
conditions.  They  may  be  exceedingly  dangerous,  as  illustrated  in 
a  case  mentioned  in  "Cosmos"  (Paris,  Oct.  12,  1907).  In  making 
a  hole  in  the  shutter  of  a  turret  on  board  a  cruiser,  an  electric 
arc  was  used  to  melt  the  hole.  The  following  day  everyone  who 
had  witnessed  the  operation,  from  the  Captain  down  to  the  sailors, 
were  either  half-blinded  or  horribly  burned.  The  officer  who  had 
directed  the  work  had  the  skin  of  his  face  completely  scorched 
and  of  a  deep  copper  color.  It  gave  oft*  a  serous  liquid  like  that 
from  a  burn.  Several  sailors  who  were  at  some  distance  from 
the  turret  had  their  vision  so  aft'ected  that  they  were  sent  to  the 
hospital,  and  it  was  feared  that  they  might  lose  their  sight. 

The  electric  arc,  rich  in  chemical  rays,  especially  when  it  is 
formed  between  certain  metals,  may  produce  such  results,  hence 
the  necessity  of  protection  during  exposure  to  a  powerful  arc  o^ 
to  a  mercury-vapor  lamp  in  quartz  glass. 

Birch-Hirschfeld,  Leipsic  (Archiv.  f.  Opthalmologie,  LX\T., 
H.  I.,  June,  1907),  emphasizes  the  importance  of  combating  recent 
promulgations  in  which  it  has  been  stated  that  the  use  of  Roentgen 
and  of  radium  rays  "is  without  danger"  by  recording  the  ana- 
tomical findings  of  a  second  eye  which  has  been  subjected  to  the 
Roentgen  ray  in  the  course  of  the  treatment  of  a  carcinoma  in  the 
region  of  the  outer  commissure.  Twelve  hours  before  removing 
the  eye  it  was  subjected  to  an  intense  exposure  to  the  rays.  The 
important  anatomic  findings  were  as  follows :  In  the  cornea  at 
sexual  points,  amidst  normal  surroundings,  beneath  the  epithelium 
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and  the  anterior  layers  were  small  foci  of  connective  tissue  cells- 
At  these  points  Bowman's  membrane  was  destroyed.  The  blood 
vessels  of  intermediate  caliber  of  the  iris  and  ciliary  body  pre- 
sented vacuolization  of  the  intuna.  The  lens  and  vitreous  were 
normal.  The  retina  ganglion  cells  showed  pronounced  evidences 
of  degeneration.  The  principal  changes  were  destruction  of 
the  chromatin  substance  and  vacuolization  of  the  protoplasm. 
There  was  no  evidence  at  any  portion  of  the  retina  of  inflamma- 
tory process,  the  pigmen  epithelium  and  the  chloroid  presented 
no  pathologic  changes.  The  macula  showed  no  sign  of  cystic  de- 
generation and  the  optic  nerve  was  free  from  atrophia  or  inflam- 
matory changes.  The  author  considers  the  changes  noted  as  hav- 
ing been  due  to  the  Roentgen  rays.  Baermann  and  Linser  were 
of  the  opinion  that  the  epithelial  changes  depended  upon  a  primary 
lesion  of  the  vessel  walls.  The  author  believed  them  due  to  the 
X-ray,  but  the  exact  sequence  of  events  is  not  yet  established. 

Selenkowsky  also  in  experiments  with  rabbits  has  demon- 
strated the  danger  of  excessive  or  careless  use  of  these  agents, 

Ammann,  E.  (Correspondenz-Blatt  ftir  Schwerzer  Aerzte  i 
Aug.,  1906)  applied  X-ray  for  sarcoma  of  the  choroid,  and  post- 
mortem change  showed  the  rays  had  evidently  acted  almost  ex- 
clusively on  the  choroidal  capillaries. 

Cramer,  E.  (Klein.  Monatsblat,  f.  Augenheilk,  XLV.,  2  vr^ 
47).  The  author  writing  of  the  frequent  occurrence  of  cataract 
among  glass  blowers  concludes  that  it  is  due  to  continued  exposure 
to  chemical  rays,  particularly  ultra-violet,  from  the  admixture  of 
chalk  and  clay  in  the  glowing  mass,  and  advises  instead  of  red 
glass  as  a  protection,  a  water-chamber,  the  fluid  to  be  colored  with 
fucsin  to  arrest  the  chemical  rays. 

Garten,  S.  (Graefer  Arch,  LXIL,  p.  11 12),  investigated  the 
visual  yellow  of  Kuehne  and  the  possible  variations  in  bleaching 
of  visual  purple  by  light  of  short  and  long  wave  lengths.  It  was 
found  that  a  retina  exposed  to  unvarying  violet  light  appears 
darker  if  previously  bleached  with  yellow  ;  that  there  is  an  increase 
of  absorption  of  extreme  violet  rays,  and  a  diminution  of  that  of 
red  rays,  after  previous  bleaching,  and  that  the  formation  of  visual' 
yellow  can  be  observed  in  the  living  eye  of  the  bleak-fish  and 
frog  after  exposure  to  sunlight. 

Junius  (Ophth.  Klinik.,  June  16,  1906)  on  the  effects  of 
strong  currents  on  the  eye,  says  we  must  take  into  consideration 
voltage,   resistance,   direction  and   kind  of  current    (continuous^ 
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alternating  or  rotary)  the  duration  of  exposure,  and  lastly  the 
individual  susceptibility  of  the  patient.  In  many  cases  it  is  diffi- 
cult to  decide  whether  the  condition  is  due  to  action  of  the  current 
or  fright.  Some  lesion  of  the  nervous  system  may  follow  the 
accident  which  may  explain  the  eye  symptoms.  It  may  also 
cause  blindness  from  changes  in  the  cortical  centers  of  vision. 

Birch-Hirschfeld  (Graefe's  Arch.,  LXIIL,  p.  85),  in  studying 
the  influence  of  light  adaptation  on  structure  of  nerve-cells  of 
the  retina  in  the  dove,  found  a  diminution  of  chromatin  in  the 
ganglion  cells  of  the  retina,  after  sudden  light  adaptation.  Intense 
artificial  light  is  much  more  active  in  destroying  chromatin  than 
diffuse  daylight.  An  accumulation  of  basiophilic  coloring  matter 
was  found  in  the  inner  member  01  the  cones,  in  the  form  of  an 
intensely  colored  horizontal  stripe. 

Metley  (Arch.  d'Ophtal.,  i,  04,  p.  207)  made  a  series  of  ex- 
periments on  dogs  and  rabbits,  keeping  the  light  from  an  arc  lamp 
directed  upon  one  eye  for  a  total  of  from  50  to  90  minutes,  wi'h 
frequent  interruptions.  The  other  eye  served  for  control.  With 
those  retinas  treated  by  the  method  of  Nissl  or  Berthe  he  found 
no  alterations  either  in  pigment,  ganglion  cells,  or  layer  of  rods 
and  cones.  On  the  other  hand,  in  those  treated  by  the  Marchi 
method,  the  optic  nerves  showed  a  breaking  down  of  the  myelin 
into  dust-like  droplets.  With  short  exposure  this  change  reached 
6  mm.  back  of  the  papilla.  With  the  longest  exposure  this  altera- 
tion reached  nearly  to  the  chiasm.  Whether  these  changes  were 
due  to  the  action  of  the  light  rays  or  to  the  chemical  waves,  or 
to  both,  could  not  be  determined.  With  the  interposition  of  a  red 
glass  during  the  exposure  these  changes  did  not  occur.  The  red 
glass,  however,  cuts  our  both  chemical  rays  and  a  part  of  the  light 
rays ;  and  so  is  not  conclusive. 

A  practical  deduction  from  the  experiments  would  seem  to 
be  that  red  glasses  would  be  of  service  to  those  working  exposed 
to  long  or  frequent  looking  at  bright  electric  lamps,  such  as  the 
arc. 

E.  Hertel,  Jena,  in  experimenting  with  ultra-violet  light,  found 
it  to  be  decidedly  bacteriacidal,  but  does  not  penetrate  deeply  into 
the  tissues,  though  in  a  long  exposure  it  will  kill  bacterial  througli 
the  entire  thickness  of  the  cornea.  It  does  not  act  through  the 
lens.  The  changes  in  the  tissues  so  treated  consist  of  a  prolifera- 
tion of  the  fixed  tissue  cells. 
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Birch-Hirschfeld  found  after  removal  of  the  lens  that  ultrar 
violet  light  caused  a  solution  of  the  chromatic  substance  in  the 
nerve  cells  of  the  retina,  both  the  nuclea  and  the  ganglion  cells. 

Hess,  C.  (Arch.  f.  Augenheilk.,  May,  1907)  tried  the  effect 
of  ultra-violet  light  as  given  by  a  uviol  lamp,  upon  the  lens,  and 
found  degenerative  changes  in  the  epithelium  of  lens  capsule  with 
proliferation  of  cells  near  the  equator. 

After  exposure  to  powerful  electric  light  there  is  little  dis- 
comfort at  first,  after  a  while  all  objects  appear  red.  Six  or  eight 
hours  later  the  conjunction  becomes  red,  swollen  and  inflamed; 
pain  increases ;  there  is  a  feeling  of  sand  in  the  eyes ;  they  smart 
and  burn ;  gradually  the  symptoms  abate  in  days  or  week,  but  the 
partial  blindness  persists  much  longer. 

Enough  has  been  said  to  prove  that  electric  light,  especially 
when  rich  in  ultra-violet  and  X-rays,  is  capable  of  doing  much 
harm,  but  only  under  special  conditions  such  as  do  not  prevail 
when  electric  lamps  are  used  as  a  source  of  illumination.  And 
even  those  who  are  exposed  to  such  radiation  can  prevent  injury 
by  wearing  properly  colored  glasses. 

Motais  (Bull.  d'l'Acad.  de  Medecine  de  Paris,  1906,  March 
2^^,  suggests  the  wearing  of  spectacles  made  of  yellow  glass  for 
near  work.  Objects  are  seen  clearer  because  of  the  lessening  of 
chromatic  aberration.  In  this  he  agrees  with  Javal.  The  six 
different  shades  of  commercial  yellow  glass  were  examined  by 
Tscherning  and  Sarazin  by  means  of  the  spectroscope  and  pho- 
tometer, and  it  was  found  that  shades  2  and  6  completely  absorb 
the  chemically  acting  blue  and  ultra-violet  rays,  while  the  remain- 
ing rays  of  the  spectrum  are  but  little  influenced.  The  light 
shades  should  be  used  in  illumination  with  kerosene,  gas,  and  the 
incandescent  electric  lamp,  while  the  dark  shades  are  preferable 
in  acetylene  or  the  electric  arc  lamp. 

Yellow  glass  is  particularly  useful  in  photophobia  from  kera- 
titis in  sunlight.  In  diseases  of  the  fundus,  such  as  choroiditis, 
one  obtains  from  blue  glass  only  a  reduction  of  the  vision,  with 
no  protection  against  the  injurious  action  of  the  chemically  acting 
light  rays,  while  with  yellow  glass  the  vision  is  not  affected,  and 
yet  the  eye  is  protected  against  the  actions  of  these  rays. 

In  selecting  the  proper  lamp  for  inside  use,  home,  lecture 
halls,  schools,  theatres,  etc.,  effort  should  be  made  to  obtain  uni- 
form illumination  throughout  the  room  by  diffusion.  Deep 
shadows  in  a  room  are  very  injurious  to  the  sight,  as  the  contrast 
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is  too  great  upon  looking  from  a  brightly  lighted  page  or  table 
to  the  surrounding  darkened  room.  Work  should  receive  a  trifle 
more  light  than  the  surrounding  room. 

The  light  should  be  produced  with  as  little  contamination  of 
the  air  as  possible,  and  there  should  be  a  minimum  amount  of 
heat  produced.  The  light  should  be  steady,  and  not  subject  to 
rapid  deterioration.  Neither  should  it  be  rich  in  the  sp<ectral 
rays  that  are  irritating  to  the  eye.  The  lamp  should  be  properly 
shaded  and  all  bright  points  guarded  against.  The  arrangement 
of  unshaded  lamps  in  show-cases  may  attract  attention,  but  they 
are  abominable  so  far  as  the  eyes  are  concerned. 

Indirect  lighting  is  very  desirable,  but  it  produces  the  physical 
effect  of  insufficient  light,  as  well  is  a  loss  of  about  65  per  cent. 
in  the  amount  of  light.  For  large  rooms,  such  as  lecture  halls 
and  workshops,  the  arc  lamp  is  the  easiest  on  the  eyes  ;  that  is, 
of  course,  when  properly  placed  and  shaded.  The  violet  rays  must 
be  disposed  of  before  colors  show  their  true  value,  and  this  may 
be  accomplished  by  the  opal  enclosing  globe  or  by  a  suitable  re- 
flector coated  with  enamel  having  a  high  selective  action  for 
violet. 

The  Curtis  Publishing  Company  has  equipped  the  press  room 
where  the  two-color  work  is  done  with  inverted  arc  lamps.  It  is 
necessary  for  the  men  doing  the  work  to  match  colors,  the  two 
most  extensively  used  being  yellow  and  blue,  neither  of  which 
can  be  seen  by  the  ordinary  sources  of  artificial  illumination  such 
as  the  gas  lamp  with  mantles,  the  incandescent  lamp,  etc.  The 
difficulty  is  overcome  by  using  the  inverted  arc  with  upper  and 
lower  reflector.  The  lower  reflector  is  made  to  just  cover  the 
inner  globe,  and  reflects  the  light  received  from  the  negative  car- 
bon to  the  ceiling  reflector,  which  in  turn  serves  to  concentrate 
on  the  printed  sheets  on  the  board  light  of  quality  such  as  lends 
itself  to  the  accurate  matching  of  colors.  There  is  no  shadow 
cast  by  the  reflected  light.  This  form  of  lamp  is  well  adapted 
where  the  elimination  of  sharp  light  contrasts  is  important,  or 
where  true  color  values  are  to  be  maintained. 

The  subject  of  school  room  illumination  has  not  received  the 
attention  demanded,  for  it  is  here  where  the  future  myopes  are 
most  frequently  produced.  As  usual,  Philadelphia  is  behind  in 
such  matters,  trusting  to  daylight,  and  in  rooms  requiring  arti- 
ficial illumination,  the  gas  with  mantles.  Of  course  there  are 
those  who  believe  gas  the  best  light  for  the  purpose. 
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Schilling-  ( Journ.  Gasbeleuchtiing  und  Wasserversorgung", 
1905)  says  gas  illumination  is  not  only  equal  to  electricity  as 
regards  clearness  and  even  division  of  light,  but  superior  in  halls 
where  moderate  illumination  is  required. 

The  Boston  School  Committee  appointed  a  committee  of 
three  oculists  and  two  electricians  to  consider  the  artificial  lighting 
of  the  public  schools  of  Boston  and  their  color  schemes  (School 
Document  No.  14,  1907).  Experiments  were  made  with  two 
methods ;  direct  method,  and  combined  method,  depending  par- 
tially on  direct  and  partially  on  dififused  method,  chiefly  confined 
to  the  latter.  The  lamps  used  were  what  is  known  as  "high-effi- 
ciency" or  low  watt  incandescent  lamps.  The  most  satisfactory 
results  were  obtained  from  nine  36-cp.  40-watt  tungsten  lamps, 
each  equipped  with  a  difi^using  prismatic  reflector.  These  shades 
are  constructed  of  prismatic  glass  coated  on  the  outer  or  inner 
surface  with  a  white  enamel.  These  lamps  were  arranged  in 
three  rows  of  three  lamps,  each  running  parallel  to  the  rows  of 
desks,  arranged  in  order  to  throw  the  downward  shadow  from 
left  to  right  on  the  pupil's  desk.  The  illumination  on  top  of  the 
desks  with  the  lamps  to  ft.  6  in.  above  the  floor  was  approxi- 
mately 2.5  candle  feet  at  every  desk.  About  the  same  results 
were  obtained  from  lOO-watt  Gem  lamps  with  the  same  shades. 

The  objections  to  the  gas  mantle  of  course  are  the  rapid 
change  in  color  from  greenish-white  when  new  to  a  greenish- 
yellow  after  using  a  short  time.  The  rapid  deterioration  in  candle 
power  is  shown  bv  Lansingh   (Progressive  Age,  Jan.  i,  1907,  p. 

4)  : 

Initial  20.5  candles  per  cut.  ft.  per  hour. 

96  hours         18.00       "         "     "      "     "       " 

Hie  heat  of  the  mantle  must  also  be  considered ;  it  is  so  great 
that  platinum  wire  melts  when  placed  upon  the  surface  of  an 
ordinary  Welsbach  ''C"  mantle,  while  it  will  not  melt  when  placed 
in  the  naked  bunsen  flame. 

In  conclusion  it  may  be  stated  that  greater  care  should  be 
exercised  in  securing  a  proper  illumination  by  making  photometric 
tests  when  possible,  or  by  the  use  of  reading  type  selected  to 
correspond  to  different  photometric  calculations. 
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DISCUSSION   OF   DR.   KRALL'S    PAPER   BY   THE 
PHILADELPHIA   SECTION. 

Mr.  IVhitalccr.  The  author  called  attention  to  the  ex- 
cessive temperature  reached  by  the  incandescent  burner  and  stated 
that  this  is  sufficient  to  fuse  a  platinum  wire.  However,  the  fact 
is  that  for  severalyears  the  Welsbach  Company  turned  out  millions 
of  incandescent  mantles  tied  with  platinum  wire  and  is  now  using 
for  this  same  purpose  asbestos  cord,  yet  there  has  not  been  a 
case  where  either  the  platinum  wire  or  the  asbestos  cord  was 
disintegrated  by  fusion. 

The  flame  conditions  in  an  incandescent  burner  (gas  burner) 
and  in  an  open  laboratory  bunsen  are  practically  identical,  and 
ill  view  of  the  fact  that  a  fixed  amount  of  heat  will  be  obtained 
from,  the  combustion  of  a  certain  amount  of  the  same  gas  under 
like  conditions,  it  is  very  difficult  to  see  how  an  incandescent 
burner  flame  can  be  made  to  develop  a  greater  temperature  than 
can  be  developed  in  an  open  bunsen  burner. 

It  is  also  rather  diflicult  to  understand  how  an  incandescent 
mantle  burner  consuming  4  cu.  ft.  of  gas  per  hour  would  develop 
a  higher  temperature  than  an  open  bunsen  tube  consuming  6  or 
7  cu.  ft.  when  the  conditions  of  burning  are  almost  identical. 

The  rapid  and  peculiar  deterioration  of  the  mantle  has  been 
cited  by  the  author  as  a  disadvantage  in  the  use  of  incandescent 
gas  lamps.  There  is  nothing  to  conceal  in  the  matter  of  deteriora- 
tion. It  is  a  well  known  fact  that  the  Welsbach  mantle  deterio- 
rates in  light  during  the  course  of  1,000  hours  from  100  candles 
to  in  the  neighborhood  of  75  or  80  candles.  While  the  percentage 
of  deterioration  shows  up  rather  large,  it  should  be  noted  that 
the  high  candle  power  of  the  unit  left  at  the  end  of  the  season- 
ing period  is  yet  quite  sufficient  to  meet  the  ordinary  demands. 

The  fugitive  color  of  the  Welsbach  lamp  has  been  urged  as 
an  objection,  and  I  think  it  was  cited  that  at  first  this  color  was 
a  purplish  white  which  afterwards  changed  into  shades  of  yellow. 
This  statement  is  contrary  to  the  experience  of  the  users  of  Wels- 
bach mantles. 

It  is  a  well  known  fact  that  the  color  of  the  light  given  by 
the  Welsbach  is  determined  by  the  amount  of  active  cerium  in  the 
mantle,  ranging  in  the  bluish  white  mantles  from  a  few  tenths  of 
I  per  cent,  to  as  high  as  2  or  25^  per  cent,  in  the  very  yt?llow 
mantles.     Experience  has  shown  that  in  use  the  cerium  in  the 
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Welsbach  mantles  becomes,  from  one  cause  or  another,  inactive, 
and  its  color  changes  in  the  exact  proportion  to  the  conversion 
of  the  cerium.  It  would  follow,  therefore,  in  view  of  these  facts, 
that  a  normal  mantle  would  give  at  the  beginning  a  yellowish 
light  which  under  certain  circumstances  would  gradually  turn  to 
a  white. 

While  the  variable  color  criticism  is  lodged  rather  freely 
against  incandescent  mantles  in  general,  it  applies  as  a  matter 
of  fact  only  to  the  cheaper  and  more  flimsy  grade  of  mantles, 
and  is  directly  due  to  the  light  texture  and  sparing  quantity  of 
material  used.  Where  mantles  are  properly  made  and  contain 
the  proper  percentage  of  cerium  and  thorium  to  meet  the  candle 
power  and  physical  life  requirements  to  the  best  advantage,  the 
change  of  light  is  almost  imperceptible,  and  is  not  recognized  as 
a  valid  argument  against  this  system  of  illumination. 

Another  point  bearing  on  the  injurious  effects  of  the  Wels- 
bach system  of  lighting  on  the  eye  might  be  cited  in  connection 
with  the  experience  in  the  factory  where  these  mantles  are  made. 
Over  I, GOO  people  are  employed  in  this  work,  and  a  large  per- 
centage of  these  operators  are  engaged  in  hardening  the  mantle 
where  it  is  brought  to  a  state  of  incandescence  far  in  excess  of 
that  developed  in  ordinary  practice.  It  is  impossible  to  protect 
the  eye  from  the  light  developed  in  this  operation,  and  the  ques- 
tion has  often  arisen  in  my  mind  as  to  whether  or  not  injurious 
effects  result  from  continued  work  in  these  departments.  I 
have  yet  to  find  an  employe  with  eye  trouble  attributable  to  this 
cause.  I  have  taken  special  pains  to  inquire  into  this  matter,  and 
the  operators  state  that  the  work  is  not  as  hard  on  the  eye  as 
that  in  some  of  the  other  departments ;  for  example,  the  knitting 
and  sewing  departments. 

Mr.  W.  C.  L.  Eglin.  The  question  of  intensity  of  illumina-- 
tion,  the  heating  value  and  chemical  value,  as  far  as  the  effect 
on  the  eye  are  concerned,  are  matters  that  must  be  considered 
by  the  illuminating  engineer.  The  factors  of  candles,  kerosene, 
gas,  etc.,  are  merely  subsidiary  to  the  question  of  the  eye  itself, 
and  I  feel  that  the  suggestion  of  appointing  a  commission  to 
prepare  specifications  for  the  lighting  of  school  rooms  is  an  im- 
portant one  and  should  receive  consideration  from  all  cities.  The 
question  of  illumination  is  one  of  education,  and  we  ought  to  he- 
gin  by  educating  the  children,  and   I   understand  that  in   some 
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foreign  countries  there  is  a  clause  in  the  school  specifications  re- 
quiring a  certain  window  area  for  each  cubic  foot  of  room  space. 

Mr.  IV.  H.  Gartlcy.  Owing  to  the  preversity  of  childr3n,  tt 
is  very  difficult  to  give  them  good  light,  as  their  tendency  is  to 
ignore  all  efforts  at  providing  them  wath  a  room  beautifully  and 
scientifically  lighted,  and  to  upset  all  our  theories.  They  w'll 
manipulate  their  papers  and  books  in  such  a  way  as  to  get  between 
the  light  and  their  work,  and  place  their  bodies  in  such  shapes 
as  to  throw  shadows  and  set  up  conditions  that  will  nullify  anv 
attempt  to  give  them  the  light  they  should  have. 

Dr.  Krall.  Authorities  on  diseases  of  the  eye  condemn  the 
electric  lamp  and  gas  mantles  as  being  injurious  to  the  eyesight, 
and  insist  upon  using  candles  and  kerosene  lamps  which  are  uti- 
suited  to  present-day  needs  in  every  way,  without  any  justification 
whatever.  As  pointed  out,  kerosene  frequently  produces  insulfi- 
cient  light  which  in  turn  acts  as  a  predisposing  factor  in  the 
causation  of  myopia,  or  near-sightedness.  Furthermore,  our  eyes 
have  become  accustomed  to  light  of  greater  brilliancy,  and  to 
insist  that  we  return  to  a  source  of  illumination  sufficiently  bril- 
liant for  our  forefathers,  but  not  for  us,  may  show  great  rever- 
ence for  antiquity,  but  very  little  consideration  for  present-day 
requirements.  The  burden  of  proof  that  electric  lighting  is 
harmful  to  the  eyesight  rests  upon  its  objectors,  and  they  have 
not  produced  the  evidence.  The  heat  of  the  kerosene  lamp  also 
is  objectionable  as  tending  to  produce  congestion  of  the  eye- 
ball and  its  appendages.  It  adds  greatly  to  the  vitiation  of  the 
atmosphere  in  closed  rooms,  in  fact  it  possesses  all  of  the  un- 
desirable qualities  of  artificial  illumination,  with  few  of  the  good. 
The  objections  of  gas  are,  as  previously  stated,  the  rapid  deterio- 
ration, change  in  color  and  great  heat. 

In  answer  to  the  query  why  it  is  that  a  gas  mantle  flame 
will  melt  a  platinum  wire  when  an  open  bunsen  will  not,  I  must 
state  that  the  phenomenon  is  out  of  my  line.  Weber  (Prog.  Age, 
Mar.  I,  1907,  p.  140)  suggests  that  it  may  be  due  either  to  the 
catalytic  action  of  the  mantle,  or  to  mechanical  effect  of  the 
meshes  of  the  mantle  in  completing  the  mixture  of  air  and  gas. 

The  electric  light  is  condemned  as  being  injurious  because 
of  the  ultra-violet  and  X-ray.  As  a  matter  of  fact  sunlight  is 
as  rich  in  ultra-violet  rays  as  the  light  from  the  ordinary  arc  lamp, 
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when  used  for  purposes  of  illumination,  and  the  ordinary  incan- 
descent lamp  as  used  in  our  houses  is  perfectly  harmless  as  far 
as  injurious  rays  are  concerned.  It  should  be  remembered  the 
various  rays  producing  the  harmful  effects  on  the  eye  quoted  in 
the  paper,  were  procured  from  electricity  under  special  conditions, 
and  not  when  used  as  a  source  of  illumination.  The  only  danger 
from  the  electric  lamp  is  of  too  great  brilliancy,  which  can  be 
controlled  by  proper  shading.  All  the  ocular  symptoms  com- 
plained of  by  those  using  the  electric  lamp  can  be  cured  by  wear- 
ing the  proper  glasses  to  correct  defects  in  their  eyesight,  and 
by  using  the  proper  amount  of  illumination. 


DAYLIGHT  ILLUMINATION.* 


I 


By  L.  W.  Marsh. 


It  has  long  been  known  that  the  Hght  reaching  a  room  is  de- 
creased by  reason  of  the  proximity  of  buildings,  trees  or  other 
natural  objects.  The  fact  that  the  illumination  of  such  a  room 
can  be  rendered  satisfactory  by  the  use  of  prismatic  light-diffusing 
glass  seems,  however,  not  to  have  been  considered  seriously 
until  about  eleven  years  ago,  when  a  certain  inventor  succeeded 
in  interesting  a  group  of  Chicago  business  men  in  this  idea.  These 
men  organized  the  American  Luxfer  Prism  Company,  which 
employed  a  force  of  physicists  in  designing  new  forms  of  glass 
prisms  under  the  direction  of  Dr.  Henry  Crew  of  Northwestern 
University  as  consulting  engineer. 

The  researches  of  these  physicists  led  to  the  production  of  the 
so-called  "Luxfer"  prisms,  which  consist  of  sections  of  clear 
crystal  glass  having  a  smooth  outer  surface  and  a  series  of  ac- 
curately formed  prisms  on  the  inside.  These  units  are  glazed 
into  plates  similar  to  leaded  glass.  These  plates  are  placed  in  or 
near  the  window  openings  and  by  means  of  the  prism  section 
on  the  back  of  the  glass  the  light  in  passing  through  the  plate  is 
refracted  in  a  given  direction  within  the  room. 

First  let  us  consider  a  simple  case  of  a  poorly  lighted  store 
on  a  fairly  wide  street.  If  the  building  across  the  street  from  the 
store  is  45  feet  high  and  is  35  feet  distant  and  the  distance  from 
the  bottom  of  the  transom  bar  across  the  plate  glass  store  front 
is  10  feet  from  the  ground,  it  will  be  seen  that  the  angle  of  inci- 
dent light  on  this  store  front  varies  from  the  vertical  light  to 
light  striking  the  plate  glass  at  an  angle  of  45  degrees.  Thus 
it  will  be  seen  that  the  direct  light  from  the  sky  in  passing  through 
the  store  front  cannot  pass  into  the  store  farther  than  the  point 
at  which  the  incident  light  strikes  the  floor.  Thus  if  the  ceiling 
height  is  15  feet,  light  will  strike  the  floor  only  15  feet  back  from 
the  wndow.  This  will  of  course  make  very  deficient  illumination 
in  the  store.  By  means  of  Luxfers,  the  light  which  strikes  the 
floor  in  the  first  15  feet  is  directed  from  the  horizontal  down 
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to  an  angle  of  approximately  45  degrees  below  the  horizontal. 
This  redistributes  the  light  to  the  extreme  rear  of  the  store  and 
the  space  near  the  window  which  has  been  robbed  of  light  must 
either  depend  upon  the  lower  portion  of  the  window  for  its 
illumination  or  different  angles  of  prisms  may  be  installed  in  the 
upper  plate  to  throw  a  portion  of  light  into  this  space. 

This  redistribution  of  light  will  oftentimes  increase  the  light 
in  the  rear  of  a  room  60  feet  deep  by  from  1,000  to  1,500  per 
cent.,  though  it  must  be  understood  that  the  total  flux  of  light 
in  the  room  is  not  increased  thereby.  This  applies  for  proposi- 
tions where  Luxfers  are  installed  in  a  vertical  sash. 

In  applying  the  proper  angle  of  prism  the  room  in  question 
must  be  carefully  examined  as  to  decoration,  architectural  pecu- 
liarities and  use  to  which  the  room  is  to  be  put,  whether  for 
storage  purposes,  heavy  merchandise,  fine  merchandise  or  desk 
work.  The  windows  must  be  carefully  examined  as  to  the  extent 
of  reveal,  etc.  The  amount  of  skylight  available  for  lighting 
purposes  must  be  carefully  measured.  And  after  carefully  con- 
sidering the  requirements,  a  form  of  prism  must  be  prescribed 
which  will  not  only  throw  light  to  the  extreme  rear  of  the  store, 
but  will  also  diffuse  it  to  right  or  to  left,  or  direct  it  to  the  ceiling 
if  for  some  purpose  it  is  so  required.  The  recommended  form 
must  lend  itself  to  the  architectural  features  of  the  building,  if 
possible,  and  be  as  unobtrusive  as  possible. 

The  varying  conditions  of  sky  make  it  necessary  for  the  com- 
pany to  have  over  100  different  angles  and  forms  of  prisms  to  be 
able  to  properly  treat  the  various  problems  that  may  arise. 

The  amount  of  light  required  for  fine  merchandising,  such  as 
dry  goods,  jewelry,  etc.,  is  a  certain  definite  quantity,  but  the 
standard  by  which  this  light  is  compared  cannot  be  definitely 
designated.  To  express  it  in  foot  candles  might  be  possible,  but 
under  the  varying  conditions  of  general  illumination  it  would  be 
a  very  difficult  matter  to  determine  the  exact  illumination  by  any 
pre-arranged  system  of  mathematical  calculation.  Suppose  the 
store  under  test  is  a  high  grade  dry  goods  store.  The  disposition 
of  goods  makes  a  great  difference  in  amount  of  total  effective 
illumination.  Goods  are  often  displayed  in  vertical  racks  either 
suspended  from  the  ceiling  or  perhaps  hung  out  from  the  shelf 
ledge  back  of  the  counter.  This  arrangement  may  entirely  de- 
stroy all  effective  light  which  may  be  directed  properly  down 
through  the  store ;  the  light  strikes  the  first  display  rack  and  throws 
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the  counter  and  goods  beyond  in  a  disagreeable  shadow.  This  same 
ettect  is  noticed  in  providing  artificial  illumination.  The  condition 
of  light  and  shade  caused  by  the  improper  display  of  goods  is 
often  a  very  serious  handicap  to  the  engineer  who  is  trying 
properly  to  solve  the  problem.  The  question  also  of  diffusion 
from  different  displays  of  goods  may  be  carefully  studied  and  the 
eft'ect  noticed,  and  in  many  cases  goods  may  be  placed  at  certain 
locations  to  assist  in  lighting  a  dark  corner.  The  question  of 
dift'usion  of  light  from  the  ceiling  also  is  a  feature.  A  heavy 
beamed  ceiling*  with  deep  panels  cannot  be  depended  upon  to 
increase  the  daylight  illumination.  The  heavy  shadows  cast  by 
the  beams  upon  the  panels  make  the  ceiling  of  very  little  value 
as  a  diffusing  surface.  If,  however,  the  ceiling  is  smooth  and 
unobstructed  by  beams  or  ornamental  panels,  it  may  be  used  to 
very  good  advantage  in  increasing  the  total  illumination  in  the 
room.  This,  of  course,  applies  to  the  ceiling  surface  close  up  to 
the  windows.  The  illumination  on  the  ceiling  caused  by  direct 
light  from  the  window  opening,  of  course,  will  not  be  very  strong 
at  any  considerable  distance  from  the  window  due  to  the  small 
angle  at  which  the  incident  light  strikes  the  surface. 

The  texture  of  the  surface  also  affects  the  diffusion,  as  does 
also  the  color  of  the  surface.  Thus  it  will  be  seen  that  in  the 
lighting  of  an  ordinary  dry  goods  or  any  store  where  goods  are 
displayed  there  are  a  great  many  factors  entering  into  the  final 
equation,  and  very  often  these  factors  are  variables  to  which  no 
definite  fixed  values  may  be  assigned.  The  constantly  changing 
display  of  goods  makes  a  corresponding  change  in  the  resultant 
diffusion  therefrom  and  in  the  total  illumination. 

The  effect  of  color  of  walls  has  been  treated  in  a  superficial 
way  by  the  Luxfer  Prism  Company.  A  large  room  approximately 
25  feet  long  by  20  feet  wide  with  four  windows  with  two  win- 
dows on  adjacent  sides  was  used  for  test  purposes.  Opaque 
shades  were  fitted  at  the  windows  so  that  the  light  could  be 
admitted  from  the  end  or  the  side  of  the  room.  A  fixed  flicker 
photometer  was  arranged  in  the  corner  diagonally  opposite  the 
corner  between  the  sides  in  which  windows  were  located.  This 
Corner  being  farthest  from  the  windows  it  was  considered  that 
the  varying  illumination  at  this  point  would  give  data  which 
would  be  more  or  less  of  value  and  of  considerable  interest.  Cur- 
tain rollers  were  arranged  at  the  top  of  the  four  walls,  and  upon 
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these  rollers  were  hung  curtains  of  colored  cheese  cloth.  These 
curtains  could  be  operated  quickly,  and  by  comparing  the  illu- 
mination caused  by  light  from  one  set  of  windows  with  walls 
whitewashed  with  the  same  set  of  windows  with  walls  of  any 
chosen  color,  a  definite  factor  might  be  obtained  for  that  par- 
ticular condition.  By  changing  the  location  of  the  light  source 
and  having  the  same  change  in  color  of  walls,  another  factor 
was  obtained.  While  this  might  be  exact  for  the  chosen  condi- 
tions, it  would  not  be  accurate  to  take  an  average  of  the  two  fac- 
tors and  say  that  this  was  the  absolute  factor  of  loss  in  illumi- 
nation due  to  the  introduction  of  the  new  color.  It  was,  however, 
very  interesting  to  note  these  results.  In  a  general  way,  the  dif- 
fusion factors  thus  obtained  approximated  the  exact  diffusion 
constants  which  had  previously  been  obtained  for  light  diffused 
directly  from  various  colors  of  wall  paper,  by  using  the  method 
described  by  Sumpner  in  the  Philosophical  Magazine,  February, 
1893,  and  reproduced  by  Basquin  in  ///.  Engr.,  Aug'ust,  1907. 

By  means  of  color  cards  which  were  gotten  up  by  the  company 
it  is  possible  to  approximate  very  closely  the  amount  of  diffusion 
due  to  the  different  colored  wall  coverings.  This  must,  of  course, 
be  approximate  only,  but  it  is  an  aid  in  making  recommendation 
for  improved  illumination. 

The  amount  of  illumination  required  to  do  a  certain  work 
without  tiring  of  the  eyes  may  be  assumed  as  a  standard  for  that 
particular  work.  Individual  opinions  may  vary  as  to  the  amount 
of  light  required,  but  by  making  a  careful  survey  of  a  large 
number  of  stores  of  similar  character,  the  average  of  the  desired 
illumination  may  be  noted  and  in  a  general  way  classified.  It 
would  seem  that  four  classes  of  light  would  suit  the  wide  range 
of  diversified  requirements.  These  classes  may  be  arranged  as 
follows :  Class  A — Light  sufficient  for  storage  purposes.  In  this 
light  boxes  and  merchandise  may  be  piled  up  and  distinguished 
readily  by  general  outline.  The  light  not  being  sufficient  for  read- 
ing labels  or  other  printed  matter  except  in  very  large  type. 
Class  B — General  merchandise.  In  this  class  would  come  heavy 
hardware,  machinery,  furniture  and  other  large  articles  where 
a  good  light  is  required — a  light  sufficient  to  read  labels  on  ends 
of  stock  drawers,  etc.,  with  comparative  ease.  Class  C — Fine 
merchandise.  Dry  goods  may  be  sold  under  this  class.  A  fine 
quality  of  light  is  required  for  this  grade  and  an  abundance  of 
light  must  be  had  in  all  parts  of  the  room.     The  light  must  be 
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sufficient  to  enable  one  to  detect  flaws  in  the  finest  textures  and  to 
readily  distinguish  colors  in  their  true  values.  Class  D — Desk 
work.  This  is,  of  course,  the  highest  requirement.  In  this  class 
the  light  must  be  such  that  no  artificial  light  will  be  required  at 
any  time. 

In  taking  up  these  classes  of  light  and  the  requirements  for 
their  existence,  consider  first  the  requirements  for  desk  light 
The  illumination  desired  may  be  impossible  of  attainment.  Thus 
with  a  small  window  and  a  high  obstructing  building  opposite, 
the  total  amount  of  light  entering  the  room  may  be  entirely  in« 
adequate  and  even  by  the  installation  of  a  properly  designed 
prism  the  total  flux  of  light  will  be  sufficient  to  light  a  space 
limited  to  a  very  few  feet  from  the  window.  By  observation  of 
a  vast  number  of  offices  where  the  light  is  good  and  bad  with 
varying  amounts  of  available  skylight,  one  may  determine  with 
fair  accuracy  the  exact  window  area  which  may  be  required  to 
give  the  illumination  desired.  It  is,  however,  always  necessary 
to  note  the  distance  at  which  the  light  is  desired  from  the  light 
source,  and  the  angle  of  incidence.  If  the  highest  light  falls  on 
the  desk  at  an  angle  of  more  than  60  degrees  with  the  normal, 
it  will  take  an  immense  amount  of  light  and  glass  area  to  pro- 
duce a  satisfactory  illumination.  Unfortunately  the  daylight 
engineer  is  not  usually  consulted  until  after  the  window  openings 
have  been  fixed,  and  in  many  cases  the  interior  fittings  have  been 
arranged  so  that  there  is  little  chance  for  changing  the  light  in 
an  adequate  or  wholly  satisfactory  manner.  It  is  usually  a  prob- 
lem of  equipping  the  windows  with  properly  adapted  spectacles 
and  make  the  best  of  a  bad  proposition. 

A  new  building  presents  a  different  problem,  which  may  be 
solved  in  a  thoroughly  satisfactory  manner  by  making  the  light 
sources  large  enough  to  carry  the  available  light  to  the  points 
where  most  needed,  and  to  arrange  for  desks  at  the  most  ad- 
vantageous points.  It  is  rarely  possible  to  place  desks  more  than 
30  feet  from  the  window  unless  the  ceiling  is  exceptionally  high, — 
sixteen  feet  or  more.  This  limit  has  been  adopted  by  the  stan- 
dard authorities  on  school  house  construction.  The  greatest 
depth  of  room  used  for  study  purposes  is  about  32  feet. 

It  is  possible  by  means  of  prism  glass  to  obtain  sufficient  light 
at  32  feet  from  the  windows,  even  though  the  light  in  the  room 
under  ordinary  conditions  requires  artificial  light  constantly.    The 
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lig-ht  may  be  restricted  by  an  opposite  building-  so  that  the  inci- 
dent Hght  on  the  window  may  make  an  angle  of  70  degrees  with 
the  normal,  and  by  means  of  a  canopy  or  awning  of  properly 
designed  prisms  sufficient  quantity  of  light  may  be  directed 
30  feet  from  windows  and  give  an  entirely  satisfactory  result. 
It  is,  of  course,  necessary  to  make  large  window  openings  and 
large  canopies  under  the  above  conditions,  but  it  is  possible  to 
obtain  satisfactory  desk  lighting  under  these  extreme  conditions. 

For  fine  merchandise  the  area  of  window  opening  may  be 
made  somewhat  smaller,  and  the  diffused  daylight  will  be  good 
at  a  distance  of  from  50  to  75  feet  from  the  windows,  and  fine 
goods  may  be  shown  in  the  middle  of  an  ordinarily  dark  room. 
No  ordinary  salesroom  100  feet  deep  with  the  customary  plate 
glass  windows  covering  the  entire  end  of  the  store,  which  has  to 
depend  solely  upon  the  light  received  f-rom  this  source  can  be 
satisfactorily  lighted  throughout  the  entire  area  by  means  of  the 
windows  alone.  The  prism  has  become  as  necessary  an  adjunct 
to  the  proper  illumination  of  stores  in  daylight  hours  as  has  the 
electric  light  by  night. 

Between  the  fine  merchandise  class  and  the  general  merchan- 
dise class  there  is  only  a  slight  difference,  but  the  difference 
may  be  noted  in  the  lesser  area  of  prism  glass  required  to  satisfy 
the  requirements  for  general  merchandise.  For  storage  purposes 
about  one-half  the  area  of  prism  glass  will  be  required  as  is 
needed  for  fine  merchandise,  under  the  same  conditions  of  sky- 
light. 

In  making  the  first  tests  for  forming  tables  of  glass  areas  re- 
quired, the  exact  amounts  of  skylight  available  are  very  carefully 
computed,  and  the  proper  angle  of  prism  is  specified,  and  after 
the  installation  is  complete,  the  illumination  is  carefully  judged 
by  competent  observers.  It  was  at  one  time  thought  advisable 
to  test  the  illumination  before  and  after  by  an  illuminometer 
based  on  visual  acuity  principle.  An  illuminometer  was  made 
by  using  disks  of  different  density,  varying  in  geometrical  pro- 
gression, on  a  circular  photographic  plate.  The  illumination  was 
produced  on  a  sheet  of  rice  paper  back  of  which  was  a  piece  of 
clear  glass  upon  which  an  image  of  a  cross  was  painted.  This 
was  viewed  through  the  disks  of  varying  density  until  the  cross 
showed  with  equal  distinctness  as  compared  to  the  appearance 
under  a  previous  illumination  of  different  intensity.  Several 
installations  were  made  under  a  guarantee  of  a  definite  percentage 
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of  increase  in  light  by  means  of  the  prism  glass  and  the  result 
was  tested  by  this  illuminometer.  The  instrument  proved  quite 
convenient,  but  it  possessed  defects  not  desirable  in  an  accurate 
scientific  instrument. 

There  has  recently  been  devised  a  portable  flicker  photometer 
which  will  greatly  simplify  the  labor  of  testing  illumination  in 
any  part  of  a  room.  By  the  use  of  this  instrument  the  illumina- 
tion at  any  point  may  be  measured  and  the  entire  hemisphere  of 
light  above  the  plane  of  observing  screen  may  be  unobstructed, 
and  the  exact  values  may  be  obtained  in  definite  terms  so  that 
daylight  illumination  may  be  compared  favorably  with  artificial 
illumination.  The  flicker  principle  w'ill  enable  one  to  compare 
lights  of  difTerent  colors  with  greci,ter  accuracy  than  by  the  use 
of  any  other  photometer  w^ith  which  the  writer  is  familiar. 

The  forms  of  ])rism  glass  which  are  most  commonly  seen  in 
use  are  the  plates  installed  directly  in  the  upper  window  sashes 
of  a  store  front  and  the  canopy  or  awning  form  projecting  over 
the  windows.  These  are,  however,  only  two  of  a  great  many 
forms.  Luxfer  prisms  for  "skylights,"  "floor  lights,"  "ceiling 
lights"  and  "sidewalk  lights"  have  their  respective  forms,  and  the 
many  different  and  peculiar  installations  W'Ould  prove  very  inter- 
esting to  observe.  In  this  limited  paper  only  one  or  two  of  the 
most  unusual  can  be  treated. 

Recently  a  rather  unusual  problem  was  presented  for  solution. 
A  church  window  in  exquisite  coloring  in  leaded  stained  glass 
was  found  to  be  very  poorly  lighted  and  the  colors  appeared 
dead  and  lifeless.  It  was  apparent  that  the  defect  in  color  was 
caused  by  defective  illumination  as  the  result  of  a  shadow-  caused 
by  a  chapel  roof  which  was  only  a  short  distance  away  and  which 
limited  the  incident  light  on  the  window  to  an  angle  of  37  de- 
grees from  the  vertical.  There  was,  of  course,  only  a  very  lim- 
ited amount  of  light,  and  even  had  the  wdndow  been  of  plate 
glass  at  least  30  per  cent,  of  the  light  would  have  been  lost  by 
reflection.  The  amount  of  effective  light  transmitted  through  the 
stained  glass  was  limited  to  a  very  small  range  of  observation, 
and  as  the  window  w^as  at  one  side  of  the  chancel  and  quite  high 
above  the  floor,  the  colors  in  the  window  could  be  seen  in  their 
true  values  from  only  a  small  space  limited  to  the  chancel  itself. 
In  the  body  of  the  church  the  window  appeared  dead  and  lifeless 
due  to  the  dark  slate  roof  which  showed  directly  behind  the  win- 
dow.   Another  disadvantage  appeared  in  the  fact  that  the  window 
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was  in  a  side  wall  and  the  apparent  area  of  the  window  from  the 
body  of  the  church  was  very  small. 

On  the  left  and  directly  opposite  this  window  was  the  high 
roof  and  this  roof  ended  on  a  line  with  the  right  side  of  the 
window.  To  the  right  beyond  this  end  of  the  opposite  building 
was  an  open  area  of  sky,  the  central  axis  of  which  was  about 
15  degrees  to  the  right  of  the  window  and  the  zenith  angle  of 
which  was  about  50  degrees.  Thus  the  light  at  the  left  of  the 
window  inside  of  the  church  was  very  good,  while  to  the  right 
inside  the  light  was  bad  on  account  of  the  slate  roof.  The  prob- 
lem at  hand  was  to  make  the  effective  illumination  over  the  entire 
window  uniform  and  at  the  same  time  obtain  a  new  direction 
for  the  intense  light.  It  was  accomplished  in  the  following  man- 
ner :  An  iron  frame  was  erected  outside  the  window  at  a  dis- 
tance of  15  inches  from  the  stained  glass.  This  frame  covered 
the  entire  window.  In  this  frame  were  placed  plates  of  Luxfer 
prisms  which  took  the  light  from  the  sky  at  the  right  of  the  win- 
dow and  changed  its  course  in  both  a  vertical  and  a  horizontal 
direction  and  turned  the  emergent  light  from  the  prisms  to  a 
more  effective  angle  of  incidence  on  the  stained  glass  window, 
and  at  the  same  time  directed  it  toward  the  main  auditorium. 

The  angle  of  incidence  of  the  rays  through  the  prisms  upon 
the  window  averaged  20  degrees  with  the  normal,  while  under 
the  previous  conditions  the  angle  of  incidence  was  nearer  70  de- 
grees. The  visual  effect  was  satisfactory,  and  the  colors  in  the 
window  appeared  uniform  from  the  top  to  the  bottom  of  the 
plate,  and  the  design  of  the  window  could  be  more  clearly  seen 
from  the  main  auditorium. 

A  problem  of  this  kind  must  be  very  carefully  studied,  and 
in  the  perscription  of  angles  required  a  perfect  knowledge  of 
various  peculiarities  of  each  prism  must  be  had.  In  the  problem; 
referred  to  five  different  angles  were  used  to  obtain  the  uniform; 
illumination  desired. 

In  discussing  the  matter  of  daylight  illumination  it  is  difficult 
for  the  writer  to  consider  it  from  a  disinterested  standpoint;  that 
is,  other  than  in  some  connection  with  the  Luxfer  prism  proposi- 
tion. For  to  the  writer's  knowledge  there  has  been  no  attempt 
at  improving  interior  daylight  illumination  other  than  by  the  Lux- 
fer method  which  has  been  at  all  satisfactory. 

The  only  other  method  of  reflecting  daylight  with  which  the 
writer  is  familiar  involves  the  use  of  mirrors.     This  method  had 
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been  used  for  a  great  many  years,  but  the  disadvantages  of  the 
required  form  of  construction  and  the  limited  diffusion  of  Hght 
obtained  therefrom  have  preckided  its  very  general  use. 

The  light  of  a  room  may  be  deficient  both  in  quantity  and 
quality.  There  is  no  known  way  of  obtaining  a  direct  diffusion 
of  light  through  an  opening  such  that  the  light  will  be  directed 
to  the  extreme  rear  of  a  dark  room  except  by  prisms.  It  would 
be  just  as  foolish  to  consult  an  ordinary  window  glass  dealer  in 
a  matter  of  this  kind  as  it  would  be  if  you  desired  a  properly 
fitted  pair  of  eye  glasses.  There  is  not  to  the  writer's  knowledge 
a  plate  glass  house  in  the  country  which  employs  an  engineer  who 
can  make  a  proper  measurement  of  sky  area  and  determine  the 
proper  prescription  of  angles  required  to  obtain  a  desired  result. 

An  illuminating  engineer  could  recommend  proper  prisms  for 
daylight  illumination  and  he  could  solve  the  problem  with  entire 
satisfaction,  but  he  would  be  at  the  mercy  of  the  prism  company 
and  in  most  cases  have  to  accept  one  of  two  or  three  angles  and 
finally  adopt  a  makeshift  installation  after  a  careful  analysis  and 
recommendation. 

It  is  impossible  to  obtain  in  the  open  market  prisms  of  any 
desired  angle.  An  illuminating  engineer  might  analyze  a  certain 
problem  and  find -that  to  obtain  the  desired  result  a  vertical  prism 
having  a  lower  angle  of  45  degrees  and  an  upper  angle  of  75 
degrees  (all  measured  with  the  vertical)  would  be  required. 
Upon  inquiry  it  would  be  found  impossible  to  obtain  this  with- 
out making  molds,  etc.,  and  all  the  attendant  expense. 

It  is  best  for  the  illuminating  engineer  to  consult  with  a  con- 
cern whose  engineers  have  a  thorough  knowledge  of  the  matter 
of  sky  analysis  and  the  relative  merits  of  each  form  of  prismatic 
glass.  With  the  help  of  such  a  concern  an  illuminating  engineer 
can  make  recommendations  and  know  all  the  possibilities. 
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At  a  meeting  of  the  Council  held  on  Friday,  April  10,  ten  mem- 
bers who  were  elected  prior  to  1908,  and  had  failed  to  reply  to 
letters  addressed  to  them  by  the  Secretary  requesting  payment  of 
dues,  were  dropped  from  the  roll  of  membership. 

A  resolution  of  the  Board  of  Managers  of  the  Philadelphia 
Section  relative  to  the  proposed  election  of  associate  members  of 
that  Section  was  laid  before  the  Council.  It  was  moved,  and 
duly  carried,  that  the  matter  of  this  resolution  be  referred  to 
t^e  Committee  on  Constitution  and  By-Laws. 

The  Council  was  asked  to  consider  the  advisability  of  publish- 
ing in  the  Transactions  the  1907  annual  reports  of  the  Boards 
of  Managers  of  the  several  Sections.  It  was  decided  to  request 
the  Chairman  of  the  Committee  on  Editing  and  Publications  to 
abstract  the  reports,  and  to  publish  such  abstracts  in  the  Trans- 
actions. 

It  was  moved,  and  duly  carried,  that  the  Committee  on  Nomen- 
clature and  Standards  be  requested  to  report  to  the  Council  at 
the  next  meeting  its  action  in  the  matter  of  the  report  of  the 
Sub-Committee  appointed  to  consider  a  standard  of  light. 

In  acceptance  of  the  report  of  a  special  committee  appointed 
to  nominate  a  Director  of  the  Society,  to  succeed  Mr.  W.  D'A. 
Ryan,  Mr.  John  Campbell  was  elected  to  fill  the  vacancy  in  the 
Board  of  Directors. 

President  Bell  appointed  the  following  members  to  compose  the 
1908  Committee  on  Papers : 

Mr.  W.  D.  Weaver,  Chairman,  New  York. 

Mr.  C.  O.  Bond,  Philadelphia. 
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Air.  J.  R.  Cravath,  Chicago. 
Dr.  Edw.  P.  Hyde,  Washington,  D.  C. 
Mr.  S.  G.  Rhodes,  New  York. 

The  names  of  the  following  thirty  men  were  approved  for  entry 
on  the  Membership  Roll: 

B.\SHAM,  Robert  B.,  Contract  Agent,  Western  Dist.,  North  Shore  Elec.  Co., 

Oak  Park,  III. 
BvRNE,  Thomas  W.,  Electrical  Contractor  and  Engineer,  8i  Mt.   Pleasant 

Ave.,  Boston,  Mass. 
Castor,  Horace  W.  ,  Architect,  Asso.  with  Stearns  &  Castor,  1107  vStephen 

Girard  Bldg.,  Philadelphia,  Pa. 
DENNIS,  Charles  W.,  Solicitor  North  Snore  Elec.  Co.,  Waukegan,  111. 
DoANE,  G.  W.,  President  Amsterdam  Gas  Co.,  23d  St.  and  Lexington  Ave., 

New  York. 
FaurE,  John  P.,  Electrical  Contractor,  Asso.  with  Faure  Elec.  Works,  Inc., 

Ossining,  N.  Y. 
FeIvDMAN,  a.  M.,  Consulting  Engineer,  120  Liberty  St.,  New  York. 
Ferguson,  John  W.,    Asst.    to   General    Contract   Agent,   Commonwealth 

Edison  Co.,  139  Adams  St.,  Chicago,  111. 
Fisher,  Morange  Schuyi^eR,  University  Heights,  New  York,  Asso.  with 

Electrical  Testing  Laboratories,  New  York. 
Hanks,  Marsh ai.1.  W.,  1220  Michigan  Ave.,  Chicago,  111. 
Hess,  Robert  M.,  SoUcitor,  North  Shore  Elec.  Co.,  Wilmette,  111. 
HiKTT,  RaIvPH  WaIvDO,  Illuminating  Engineer,   Asso.  with  F.   Bissell  Co., 

Toledo,  Ohio. 
IlOGUE,  Oliver,  Chief  Clerk,   Contract  Dept.,  Commonwealth  Edison  Co., 

139  Adams  St.,  Chicago,  111. 
Hyatt    O.    L.,    Dist.    Superintendent,    North    Shore    Elec.    Co.,   Chicago 

Heights,  111. 
KELEHER,  a.  H.,   Holophane  Co.,  227  Fulton  St.,  New  York. 
Kereord,  William  K.,  Foreman  of  Inspection  Dept.,  Philadelphia  Elec. 

Co.,  1000  Chestnut  St.,  Philadelphia,  Pa. 
KirschbeRG,  Asso.  with  Pennsylvania  Railroad  Co.,  Altoona,  Pa. 
Law    Clarence  L.,  Special  Inspector,  New  York  Edison  Co.,  New  York. 
Little    W.F.,  Electrical  Engineer,  Asso.   with   H.  W.  Johns- Manville  Co., 

25  Fulton  vSt.,  Brooklyn,  N.  Y. 
McBride   Thos.  j.,  Jr.,  Meter  Tester,  Mount  Vernon  Lighting  Co.,  Mount 

Vernon,   N.  Y. 
Norton    W.  F.,    Supt.    Gas   Dept.,    Nashua    Light,   Heat   and  Power    Co., 

Nashua,  N.  H. 
O' Donovan,  L.  J-,  Contracting  Engineer,   Asso.   with  Reis  &  O' Donovan, 
Inc.,  1 123  Broadway,  New  York. 
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:Rocap,  Chari^esE.,    Treasurer,   Electrical    Construction  and  vSupply  Co., 
237  Broadway,  New  York. 

SCHUETTGK,  Edward  G.,   Asst.   Superintendent,    North  Shore   Elec.    Co., 
Evanston,  111. 

SoivON,  John  M.,  Solicitor,  North  Shore  Elec.  Co.,  Waukegan,  111. 

Stephens,  h.  C,  Agent,  North  Shore  Elec.  Co.,  Park  Ridge,  111. 

StrasseR,  J.  M.,  Supt.,  North  Shore  Elec.  Co.,  Oak  Park,  111. 

Ward,  W.  E.,  Electrical  Contractor,   Asso.  with  McLeod,  Ward  &  Co.,  27 
Thames  St.,  New  York. 

WendT,  Samuei.  J.,  Inspector,  North  Shore  Elec.  Co.,  Waukegan,  111. 

White,  Manning,  Lighting  Solicitor,  Savannah  Lighting  Co.,  Savannah,  Ga. 

NEW    YORK    SECTION. 

At  the  meeting-  of  the  New  York  Section  held  Thursday,  April 
'9,  Dr.  Clayton  H.  Sharp,  past  president  of  the  Society,  delivered 
a  lecture  on  "New  Types  of  Electric  Lamps."  All  new  types  of 
filament  lamps  which  have  passed  the  experimental  stage  and  are 
available  in  some  quantities  were  discussed.  The  various  proc- 
esses by  which  tungsten  is  purified  and  prepared  for  use  as  lamp 
filaments  were  treated  in  some  detail.  Lantern  slides  were  shown, 
giving  the  performance  of  various  types  of  metal  filament  lamps; 
and  a  very  complete  exhibition  of  lamps  completed  the  evening's 
program. 

PHILADELPHIA    SECTION. 

The  April  meeting  of  the  Philadelphia  Section  was  held  in  the 
Assembly  Room  of  the  Philadelphia  Electric  Company,  on  Friday, 
April  24.    The  following  papers  being  presented : 

^'Church  Lighting,"  by  ]\lr.  Emile  G.  Perrot,  architect  and  con- 
sulting engineer,  member  of  the  firm  of  Ballinger  &  Perrot,  Phila- 
delphia, and  ''Application  of  New  Types  of  Electric  Lamps,"  by 
Mr.  W.  A.  Evans,  an  illuminating  engineer  of  the  Philadelphia 
Electric  Company.  Both  papers  were  illustrated  by  practical  dem- 
onstrations and  lantern  slides. 

NEW  ENGLAND  SECTION. 

The  April  meeting  of  the  Section  was  held  on  Tuesday,  the 
14th.  Chairman  J.  S.  Codman  called  upon  Mr.  A.  T.  Holbrook 
of  the  Nernst  Lamp  Company  to  discuss  a  layout  of  a  shoe  store, 
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which  was  presented  for  general  discussion,  when  lighted  with 
Nernst  lamps.  He  next  called  upon  Mr.  H.  M.  Daggett  to  dis- 
cuss the  same  store  when  fitted  with  gas  lamps.  Mr.  H.  V.  Allen 
was  then  asked  to  present  a  layout  for  the  same  store  fitted  with 
enclosed  incandescent  lamps.  A  general  discussion  of  the  subject 
followed.    There  were  39  persons  present. 

CHICAGO   SECTION. 

At  a  meeting  of  the  Chicago  Section  held  on  April  9  Mr.  J.  J. 
Sorber  presented  a  paper  entitled  "Relation  of  Direction  of  Light 
to  Human  Construction."  The  piper  was  discussed  by  Messrs. 
Bohnam,  Keech,  Hiett,  Chairman  Cravath  and  the  author.  Sec- 
retary Jones  announced  that  13  new  members  had  been  added  to 
the  Sectio-n  roll  since  the  first  of  the  year. 


REPORTS  OF  THE  1907  BOARDS  OF  MANAGERS  OF 

THE  SECTIONS. 

CHICAGO     SECTION. 

The  Board  of  Managers  held  a  meeting  each  month  about  twO' 
weeks  in  advance  of  the  meeting  of  the  Section  in  order  to  make 
plans  iov  the  next  meeting  as  well  as  for  future  meetings.  Since 
the  membership  of  the  Chicago  Section  is  composed  largely  of 
men  connected  with  construction,  design  and  selling,  rather  than 
manufacturing,  testing  and  laboratory  work,  the  aim  of  the 
managers  has  constantly  been  to  have  the  program  such  as  would 
appeal  to  this  class  of  membership.  The  following  is  a  list  of 
subjects  of  meetings  for  the  Section  during  1907: 

"Street  Lighting."  Topical  discussion.  Joint  meeting  with 
Northwestern  Electrical  Association,  January,  1907. 

"Residence  Fixtures  and  Lighting."  Discussion  led  by  R.  C. 
Spencer,  architect,  Chicago,  February,   1907. 

Discussion  of  papers  by  Messrs.  E.  A.  Norman  and  Charles 
N.  Cohn,  March,  1907. 
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Exhibition  and  explanation  of  various  forms  of  portable  pho- 
tometers for  measuring  illumination,  and  a  paper  by  T.  B.  Lam- 
bert on  '*A  Method  of  Photometry  for  High  Candle-Power 
Units,"  April,   1907. 

"Industrial  Plant  Illumination."  Original  paper  by  ]\Ir.  Geo. 
C.  Keech,  of  the  Chicago  Section,  May,  1907. 

"Railway  Car  Lighting."  Original  paper  by  ^Ir.  Geo.  C. 
Keech,  June,  1907. 

"The  Lighting  of  a  Large  Retail  Store."  Original  paper  by 
Mr.  Frederick  J.  Pearson,  October,  1907. 

Discussion  of  paper  on  "Fixture  Design  from  the  Standpoint 
of  the  Illuminating  Engineer,"  by  Lansingh  and  Heck,  November, 
1907. 

Topical  Discussion  on  "The  Lighting  of  Down-Town  Streets," 
December,  1907. 

The  Section  has  followed  the  custom  of  meeting  for  dinner  at 
some  down-town  restaurant  immediately  after  business  hours  and 
■proceeding  to  discussion  immediately  after  dinner.  In  some 
cases  adjournment  has  been  made  to  the  meeting  room  of  the 
Commonwealth  Edison  Company,  w^hich  has  been  used  without 
expense  in  order  to  secure  the  use  of  a  stereopticon  or  to  obtain 
a  room  better  adapted  for  the  delivery  of  a  paper.  The  com- 
mittee on  new  membership  did  good  work  during  the  latter  part 
of  the  year.  The  most  effective  work  of  this  committee  was  in 
the  way  of  personal  solicitation  among  friends  for  new  mem- 
bers. The  membership  has  been  constantly  increasing  at  a  healthy 
rate,  and  although  the  Chicago  membership  is  not  large  as  com- 
pared with  that  of  other  Sections,  it  is  believed  to  be  of  a  sub- 
stantial character  which  is  not  likely  to  be  lost.  The  percentage 
■dropped  for  non-payment  of  dues  has  been  low.  The  efforts  of 
the  management  to  interest  architects  and  gas  men  in  the  Society 
have  not  been  as  successful  as  could  be  desired.  This  has  been 
a  matter  of  considerable  concern  and  discussion.  Recently  gas 
men  have  shown  more  indication  of  taking  an  interest  in  Society 
affairs,  but  there  is  still  much  room  for  development. 
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Chicai^o  Section  exjienscs  on  a  pcr-inember  basis  have  beem 
liigh.  tluc  lari^ely  to  the  stenographic  expenses  of  reporting-  dis- 
cnssions  ratlier  than  to  any  extravagance  in  management.  To 
reduce  expenses  by  getting  no  stenographic  report  would,  of" 
course,  be  easy  and  jK^rfectly  acce])table  to  members  of  the 
Chicago  Section  who  attend  the  meetings.  This  expense  should, 
therefore,  be  considered  not  so  much  as  one  chargeable  to  any 
particular  Section,  but  rather  as  an  expense  in  publishing  the 
Transactions  for  the  benefit  of  other  Sections  and  the  member- 
ship at  large. 

PHILADELPHIA   SECTION. 

Since  its  election  on  February  15,  the  1907  Board  of  Managers 
has  not  had  direct  responsibility  for  the  programs  of  the  Sec- 
tion meetings,  as  during  the  life  of  the  Board  there  were  two 
Committees  on  Papers,  one  appointed  in  November,  1906,  com- 
posed of  Messrs.  G.  R.  Green  and  C.  O.  Bond,  whose  term  of 
office  extended  to  the  close  of  the  May,  1907,  meeting,  and  the 
other  appointed  in  September,  1907,  composed  of  Messrs.  C.  J. 
Russell  and  F.  N.  Morton,  whose  term  of  office  will  extend  to 
the  close  of  the  June,  1908,  meeting.  The  papers  read  during 
the  year  1907  have  been  as  follows : 

''Earlier  Illumination  and  Photometry,"  by  C.  O.  Bond. 

''Incandescent  ( ias  Lamps,"  by  T.  J.  Litle,  Jr. 

Informal  Lecture  on  "Electric  Lamps,"  by  A.  J.   Spillman. 

"Interior  Illumination  with  Special  Reference  to  this  Meeting 
Room,"  by  T.  J.  Litle,  Jr. 

"Engineering   Methods    Em])loyed    in    Planning   \  arious    Sys- 
tems of  Electric  Interior  Illumination,"  by  W.  A.  Kohn. 

"Definitions   of    Some   Units   Used    in    Electrical    Illumination 
Engineering,"  by  W.  A.  Evans. 

"Fixture    Design    From    the    Standpoint    of    the    Illuminating, 
Engineer,"  by  V.  R.  Lansingh. 

"Inverted  (ias  Lighting,"  by  M.  C.  Whitaker. 
"The  Spectrum,"  by  H.  C.  Snook. 
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In  addition  to  the  presentation  of  these  papers,  a  visit  was  made 
to  the  factory  of  the  Welsbach  Lamp  Company  at  Gloucester, 
N.  J.,  in  May,  a  shad  dinner  bein^q^  served,  and  the  general  im- 
pression was  that  such  an  outing  tended  to  bind  the  membership 
of  the  Section  closer  together.  The  average  attendance  at  the 
1907  meetings  has  been  47  members  and  34  visitors.  The  mem- 
bership at  the  beginning  of  the  year  was  171,  and  at  the  end  of 
the  year  i8i.  The  Section  at  present  uses  as  its  meeting  room  the 
Assembly  Room  of  the  Philadelphia  Electric  Company  at  no 
expense.  This  has  kept  the  Section  expenses  down  to  an  unusu- 
ally low  figure,  the  amount  of  bills  transmitted  to  Xew  York 
for  the  year  1907  being  $85.69. 

In  the  spring,  the  Section  voted  to  assess  Section  dues  of  25 
cents.  These  dues  are  not  necessarily  annual,  but  a  new  assess- 
ment will  be  made  when  money  is  needed.  Out  of  these  dues 
have  been  paid  certain  expenses  in  regard  to  lantern  slides  for 
papers. 

NEW   ENGLAND  SECTION. 

In  conducting  the  meetings,  it  has  been  the  aim  of  the  Board 
of  Managers  to  have  each  paper  presented  by  the  author  him- 
self, and  to  avoid,  as  far  as  possible,  the  reading  of  papers  by 
deputy.  To  a  great  extent  this  has  been  accomplished,  as  with 
the  exception  of  papers  by  Messrs.  Norman  and  Keech,  all  papers 
were  ready  by  their  authors,  and  at  no  meeting  did  there  fail  to 
be  at  least  one  paper  so  presented. 

At  the  monthly  meetings  the  following  papers  have  been  pre- 
sented and  discussed: 

''Photometry  of  Incandescent  Gas  Lamps,"  by  T.  J.  Litle,  Jr. 

"The  Moore  Tube,"  by  H.  E.  Clififord. 

''Comparison  of  Methods  of  Office  Lighting,"  by  E.  A.  Nor- 
man. 

"Efifect  of  Frosting  on  Life  of  Incandescent  Lamps,"  by  A.  E. 
Kennelly. 

"Topical  Discussion  on  Photometric  Instruments,"  opened  by 
Geo.  C.  Shaad. 
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"Schoolhouse  Illumination,"  by  B.  B.  Hatch. 

"Railway  Car  Lighting,"  by  Geo.  C.  Keech. 

^'Report  of  Committee  to  Investigate  the  Question  of  Standard 
Type  for  Photometric  Reading,"  Dr.  Bell,  Chairman. 

"Light  and  Architecture  and  Their  Relations,"  by  C.  Howard 
Walker. 

"Fixture  Design  from  the  Standpoint  of  the  Illuminating  Engi- 
neer," by  V.  R.  Lansingh  and  C.  W.  Heck. 

"The  Variables  of  Illuminating  Engineering,"  by  W.  L.  Puffer. 

"The  Effects  of  Light  upon  the  Eye,"  by  Dr.  H.  H.  Seabrook. 

In  January,  1907,  the  membership  of  the  New  England  Section 
numbered  83.  During  the  year  33  applications  have  been  passed 
upon  by  the  Local  Board  of  Examiners  and  acted  upon  favorably 
by  the  Council  of  the  Society.  There  have  been  5  resignations, 
one  death,  and  9  members  have  been  dropped  for  non-payment  of 
dues.  This  makes  the  total  membership  at  writing  101,  an  in- 
crease of  18  over  the  membership  in  January,  1907. 

NEW  YORK  SECTION, 

At  the  technical  meetings  for  which  the  Board  of  Managers 
made  arrangements,  the  following  papers  were  presented  and 
discussed : 

"Photometry  of  Incandescent  Gas  Lamps,"  by  Thos.  J.  Litle,  Jr. 

"The  Lighting  of  the  Offices  of  the  Consolidated  Gas  Co.,"  by 
Wm.  J.  Clark. 

"Comparison  of  Methods  of  Office  Illumination,"  by  E.  A. 
Norman. 

"The  Lighting  of  Office  Spaces,"  by  S.  B.  Burroughs. 

"The  Lighting  of  an  Office  Building,"  by  Chas.  N.  Cohn. 

Discussions  of 

(a)  Modifying  effects  of  reflectors  and  globes. 

(b)  Comparative  rating  of  inverted  and  upright  gas  lamps. 

(c)  Standards  of  light,  primary  and  secondary. 

id)    Desirability  of  combining  illuminants  of  different  colors. 
"Color  \'alues  of  Artificial  Illuminants,"  by  G.  11.  Sticknev. 
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^'Industrial  Plant  Illumination,"  by  Geo.  C.  Keech. 

"Fixture  Design  from  the  Standpoint  of  the  Illuminating  Engi- 
neer," by  V.  R.  Lansingh  and  C.  W.  Heck. 

"Pioneer  Electric  Lighting,"  by  W.  S.  Andrews. 

"The  Relation  of  Architectural  Principles  to  Illuminating  Engi- 
neering Practice,"  by  Bassett  Jones,  Jr. 

"The  Effects  of  Light  upon  the  Eye,"  by  Dr.  H.  H.  Seabrook. 

In  addition,  the  Board  of  Managers  has  appointed  a  Committee 
on  New  Membership,  consisting  of  C.  W.  Morris  (Chairman), 
W.  F.  Martin,  F.  W.  Willcox,  W.  F.  Clark,  Geo.  L.  Hunter, 
W.  M.  Bauchelle,  and  L.  S.  Bigelow. 

It  is  expected  that  during  the  next  year  this  committee  will  be 
influential  in  effecting  a  large  increase  in  the  local  membership 
of  the  Society. 

During  the  year  1907,  89  new  names  have  been  added  to  the 
membership  roll.  Seventeen  members  have  resigned,  and  30  have 
been  dropped  for  delinquency  in  dues.  Mr.  A.  S.  Mallory  and 
Mr.  J.  W.  Lewis  have  died  during  the  year,  making  a  total  de- 
crease of  49  members,  and  an  increase  in  membership  of  40, 
bringing  the  total  to  323  from  283  in  January,  1907. 

The  report  of  the  Finance  Committee  of  the  Society  rendered 
in  November,  1907,  showed  that  the  annual  general  expenses  per 
member  total  v$4.50,  leaving  50  cents  per  member  per  year  for 
sectional  expense.  On  the  basis  of  a  local  membership  of  323, 
there  becomes  available  the  sum  of  $161.50.  The  Section  ex- 
penses, roughly,  are  as  follows  : 

Stenographic  reports  of  local  meetings $210.00 

Notices  of  local  meetings 40.00 

Postage 10.00 

Hall  rental  in  the  United  Eng.  Societies'  Bldg.__   157.50 

Total $417.50 

That  the  sum  available  for  the  discharge  of  sectional  expenses 
is  entirely  inadequate  is  therefore  apparent.  The  situation  has 
occasioned  considerable  uneasiness  in  the  General  Council  of  the 
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Society,  the  Finance  Committee  and  the  Board  of  Managers. 
The  latter  body  found  it  unnecessary  to  incur  any  expenses  for 
hall  rental  prior  to  the  autumn  of  1907,  the  Auditorium  of  the 
New  York  Edison  Co.  being  placed  at  its  disposal  free  of  charge. 
As  conditions  were  such  as  to  prevent  the  New  York  Edison 
Company  from  extending  this  courtesy  during  the  past  winter 
season,  and  as  it  was  not  found  practicable  to  secure  a  suitable 
meeting  room  free  of  charge  elsewhere,  t)ie  hall  in  the  Engineer- 
ing Societies'  Building  was  rented  for  the  sum  of  $17.50  per 
meeting. 

It  is  possible  that  the  revenues  of  the  Society  may  be  so  in- 
creased during  1908  that  no  deficiency  need  be  anticipated,  but 
the  outlook  is  serious. 

The  accessions  to  the  membership  during  the  past  year  have 
been  much  smaller  than  they  should  have  been.  The  local  mem- 
bership should  be  double  that  at  present  on  the  list. 


A  RECTILINEAR  GRAPHICAL  CONSTRUCTION  OF 

THE  SPHERICAL  REDUCTION  FACTOR 

OF  A  LAMP.i 


By  Dr.  A.  E.  KknnelIvY. 


The  Rousseau  diagram  for  determining  the  mean  spherical 
intensity  of  a  luminous  source  is  too  well  known  to  need  detailed 
description.  2  It  consists  essentially  of  a  graphical  construction 
based  on  the  mean  polar  curve  of  luminous  intensity,  which 
yields  the  mean  spherical  intensity  as  the  area  of  a  certain  figure 
bounded  by  straight  lines.  As  soon  as  this  area  has  been  meas- 
ured, either  by  the  planimeter  or  equivalent  device,  the  mean 
spherical  intensity  of  the  luminous  source  is  immediately  deter- 
mined. 

It  is  the  purpose  of  this  article  to  describe  a  construction 
which  has  been  devised  by  the  writer  to  expedite  such  enquiries, 
and  which  arrives  at  the  same  result  in  the  form  of  a  straight  line 
capable  of  being  immediately  scaled,  without  requiring  any 
planimeter  or  area  measurement.  The  new  diagram  is  therefore 
much  simpler  than  the  Rousseau  diagram  of  equal  number  of 
zones,  easier  to  remember  and  to  apply,  is  swifter,  more  nearly 
accurate  under  practical  conditions  of  planimetry,  and  requires 
only  a  pair  of  compasses  and  an  angle  protractor  for  application 
to  the  polar  curve. 

The  new  diagram  can,  perhaps,  best  be  explained  by  referring 
to  an  actual  example,  Fig.  i.  The  curve  OE  F  G  K  L  represents 
the  polar  distribution  curve  of  a  particular  luminous  source 
occupying  the  virtual  point  O.  This  curve  has  been  taken  as  a 
segment  of  a  circle,  with  diameter  O  G  taken  as  unity,  and 
depressed  45°  below  the  horizontal  plane  O  H.  The  reason  for 
selecting  such  a  circular  polar  curve  is  that  its  mean  spherical 
intensity  is  easily  computed,  in  the  manner  set  forth  in  the 
Appendix.  It  follows  from  the  computation  that  the  mean 
spherical  intensity  of  this  polar  curye,   assumed    as  uniform  in 


'A  jiaper  read  before  the  New  Eiifflaud  Section  of  the  Illuminating  Engineering 
Society,  February  18, 11)08. 

^  **A  Treatise  on  Industrial  Photometry,"  l)y  A.  Palaz.    1894,  pagre  20.    Transactions, 
of  the  Illuininatinjr  Enjiineerintr  Society,  Vol.  11,  April  1907,  No.  4,  paj^e  217,  Fig.  8. 
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azimuth  about  the  vertical  VV  ',  is  0.593  i^  terms  of  the  intensity 
O  G  as  unity.     The  new  construction  is  as  follows  : 

First  select  the  number  of  zones  to  be  employed  in  altitude. 
In  Fig.  I  there  are  three  such  zones,  of  45°  each.  The  upper 
hemisphere  has  one  45°  zone,  HOB.  The  lower  hemisphere  has 
two  45°  zones,  i.  e.,  HOG  and  GOV  .  Mark  off  the  middle 
angular  points  of  the  zones,  viz.,  O  E,  OF,  and  O  K,  which  will 
be  at  elevations  of  -f  22^^°,  -22^°  and  -67^°  respectively. 

Commence,  say,  in  the  upper  hemisphere.  With  center  O 
and  the  radius  O  E  of  the  midzone,  draw  the  arc  A  E  B  through 
an  angle  of  45°.     Draw  the  line  O  B  to  the  end  of  this  arc. 

Turning  next  to  the  lower  hemisphere,  describe  an  arc  with 
center  O  and  the  radius  O  F  of  the  first  midzone,  to  M,  through 
45°.  Connect  O  and  M  by  the  line  O  M.  Measure  back  along 
MO  a  distance  equal  to  the  radius  O  K  of  the  second  midzone, 
and  mark  off  this  distance  at  a  point  which  shall  serve  as  the 
center  of  the  next  arc.  It  happens  in  this  particular  case  that  the 
new  point  coincides  with  the  point  O.  With  that  point  as  center, 
and  with  radius  O  M,  draw  another  45°  arc  from  M  to  V  ;  so 
that  OV  makes  an  angle  of  45°  with  O  G,  and  also  90°  with 
OH.     Draw  the  line  OV. 

Take  any  convenient  point,  such  as  H,  on  the  horizontal  line, 
and  draw  a  perpendicular  QQ '  through  the  same,  parallel  to 
VV  '.  In  some  cases  it  may  be  convenient  to  employ  VV '  itself, 
without  erecting  the  new  vertical  QQ'.  Project  the  terminal 
points  B  and  V  '  horizontally  upon  Q  Q'.  Bisect  the  intercept  QQ 
in  R.  Then  either  the  distance  Q  R  or  Q '  R  will  be  the  mean 
spherical  intensity  of  the  luminous  source,  to  a  degree  of  approx- 
imation depending  upon  the  accuracy  of  the  graphical  construc- 
tion and  upon  the  number  of  zones  selected.  In  Fig  i  the 
distance  Q'  R  is  0.598  if  O  G  is  unity.  It  is  easy  to  show  that  if 
the  geometrical  construction  were  made  without  error,  and  Q'  R 
were  scaled  correctly,  the  length  would  be  0.5973  ^^  far  as  four 
significant  figures.  Comparing  the  actually  measured  length 
0.598  with  the  theoretically  deduced  value  of  0.5933,  given  in  the 
Appendix,  it  will  be  seen  that  in  this  instance,  with  only  three 
zones,  the  result  of  the  graphic  construction  is  correct  within 
1%.  As  a  general  rule,  however,  45°  zones  may  introduce  an 
error  of  two  or  three  per  cent.  The  apparent  spherical  reduction 
factor --Q'R/Oh. 

Moreover,  since  the  total  flux  of  light  emitted  by  a  virtual 
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Fig.  1.— New  Diagram  of  Simple  Circular|Polar  Curve  Depressed  Diametrically 
450.     Rectified  by  45-Degree  Zones. 
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Fig.  2. — New  Diagraivi  of  Simple  Circular  Polar  Curve  Depressed  Diametrically 
45°,    Rectified  by  30-Degree  Zones. 
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Fig.  3. — New  Diagram  of  Simple  Circular   Polar  Curve  Depressed  Diametrically 
45°,  Rectified  by  20-Degree  Zones. 
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Fig.  4.— New  Diagram  of  Simple  Circular  Polar  Curve  Depressed  Diametrically 
45°.  Rectified  by  10-Degree  Zones. 


THE    SPHERICAL    REDUCTION    FACTOR    OF    A    LAMP  249 

point  source  is  47r  times  its  mean  spherical  intensity,  it  follows 
that  if  a  circle  were  drawn  with  radius  QQ',  the  length  of  the 
circumference  would  be  equal  to  the  total  luminous  flux  emitted 
by  the  source  O.  Further,  if  the  polar  intensities  are  scaled  in 
candle-power,  then  2;rQQ',  or  7.52  XOG  will  be  the  total 
luminous  flux  in  candle-lumens.  If  the  polar  intensities  are 
scaled  in  hefners,  then  2  n  QQ'  will  be  the  total  luminous  flux  in 
hefner-lumens.  Further,  the  total  flux  in  the  upper  hemisphere 
will  be  2  TT  Q  H  lumens,  and  the  total  flux  in  the  lower  hemisphere 
will  be  2  ttHQ'  lumens.  If  we  should  desire  to  know  how  much  flux 
is  emitted  between  the  horizontal  plane  and  the  depression-angle 
45°,  we  should  measure  H-45,  and  multiply  by  27T.  Similarly 
27r  times  the  distance  along  QQ'  between  any  two  projected 
points  is  equal  to  the  total  flux  emitted  in  the  angular  zone 
between  the  corresponding  points  in  the  polar  curve.  Or, 
expressing  the  same  condition  in  another  way,  the  distance  along 
QQ'  between  any  two  projected  points  is  numerically  equal  to 
the  flux  in  lumens  per  radian  of  azimuth,  emitted  in  the  corre- 
sponding zone  on  the  polar  diagram. 

Again,  H  Q  is  the  mean  upper  hemispherical  intensity,  H  Q ' 
is  the  mean  lower  hemispherical  intensity,  and  the  mean  spherical 
intensity  is  seen  to  be  the  arithmetical  mean  of  these  two 
hemispherical  intensities. 

In  Fig.  2  the  same  construction  is  repeated,  using  zones  of 
30°,  instead  of  zones  of  45°.  We  thus  introduce  more  steps  into 
the  geometrical  work  ;  but  we  tend  to  attain  a  higher  degree  of 
precision  in  the  final  result. 

As  before,  mark  off  the  zones  of  30°,  viz.,  AO  B  in  the  upper 
hemisphere,  and  HO  J,  JOT  and  TOV'in  the  lower  hemi- 
sphere. Then  mark  off  the  middle  angular  points  in  these  zones 
at  -f  15°,  -15°,  -45°  and  -75°  respectively.  These  points  on 
the  polar  curve  will  form  the  successive  radii  of  the  arcs  to  be 
drawn. 

Commencing,  say,  with  the  lower  hemisphere,  with  center  O 
and  radius  O  -15°,  draw  the  30°  arc  H,  - 15*^,  J.  Join  O  J. 
With  distance  O  -45°,  the  second  midzone  radius,  measure  back, 
along  J  O  produced,  a  distance  J  L.  With  center  L  and  radius 
O  -45°,  continue  the  arc  downwards  from  J  through  30°  to  K'  ; 
so  that  JIyK'=3o°,  and  L  K  '  makes  an  angle  of  ^0°  with  a 
horizontal  through  L.  Join  I^  K'.  With  distance  6-75°,  the 
third  midzone  radius,  measure  back  along  K'  L  a  distance  K'  M. 
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With  center  M  and  radius  O  -75°  continue  the  arc  downwards 
from  K'  through  30°  to  F.     Join  M  F  which  will  be  parallel  to 

VV. 

Turning  to  the  upper  hemisphere,  with  center  O  and  radius 
o-}-i5°  of  the  first  midzone,  describe  the  arc  A,  +15°,  B.  Join 
O  B,  which  will  make  an  angle  of  30°  with  O  A  H.  There  now 
remains  only  part  of  a  zone  to  be  covered  in  the  polar  curve  ; 
namely  the  zone  +30°,  0,+45°.  Take  the  middle  angular  point 
O  F,  at  the  elevation  +37^°.  With  distance  O  F,  measure  back 
along  B  O  the  point  K.  With  center  K  and  radius  O  F,  continue 
the  arc  from  B  upwards  for  15°  to  D.  Join  K  D,  which  will  be 
inclined  at  an  angle  of  45°  with  O  H. 

Project  horizontally  the  terminal  points  D  and  F  upon  any 
convenient  vertical  line  Q  Q'.  Bisect  Q  Q'  in  R.  Then  Q'R  will 
be  the  mean  spherical  intensity.  In  Fig.  2  this  distance  measures 
0.598,  if  O  G  is  unity,  or  the  same  as  in  Fig.  i.  Since  the  hori- 
zontal intensity  O  H  is  0.7071,  the  apparent  spherical  reduction 

..  ,      .     0.598 

factor  by  either  of  the  constructions  in  Figs,  i   and  2  is 

^  0.7071 

-==  0.846,  or  84.6%. 

The  same  process  of  construction  is  followed  in  Fig.  3,  on  the 
same  polar  curve  ;  except  that  the  zones  are  of  20°  instead  of 
45°,  or  of  30°.  Unless  the  more  numerous  steps  in  the  geometrical 
work  offset  the  greater  degree  of  precision  in  selecting  the  mid- 
zone  radii,  we  should  expect  a  greater  degree  of  accuracy  in  the 
result.  The  curve  of  arcs  in  the  upper  hemisphere  consists  of 
two  20°  arcs  with  radii  of  O  and  K  respectively,  followed  by  a 
little  5°  arc  at  B,  with  the  radius  at  o  +  42)^°  the  middle  of  the 
zone  left  over.  In  the  lower  hemisphere  the  curve  of  arcs  pro- 
ceeds by  20°  shifts  along  D  E  F  until  the  last  one  which  is  the 
-80°,  -90°  arc  and  which  is  drawn  for  10°  only,  with  the  radius 
0-85°  on  the  polar  curve.  Finally  half  the  distance  QQ' 
measures  0.5975  on  ^^^  diagram,  which  is  within  0.76%  of  0.5933, 
the  theoretically  correct  value. 

Finally,  the  same  process  of  construction  is  presented  in 
Fig.  4,  applied  to  the  same  polar  curve,  but  working  with  10° 
zones.  The  half  of  the  projected  distance  Q'R  measures  0.594, 
which  agrees  with  the  theoretically  correct  value  within  0.17%, 
or  about  one  part  in  600. 

In  practice,  20°  zones  are  recommended  for  reliable  work, 
and  in  many  cases  30°  zones  are  sufficiently  small ;    because  the 
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degree  of  precision  of  the  polar  curve  rarely  warrants  a  higher 
degree  of  geometrical  work  than  30^  zones  will  produce.  It  is 
unlikely  that  zones  smaller  than  10°  will  be  found  advantageous. 
Referring  particularly  to  Fig.  4,  it  will  be  seen  that  the  geo- 
metrical process  resolves  itself  into  producing  from  the  given 
polar  curve  two  other  curves  and  a  straight  line  of  projection. 
The  first  curve  of  arcs,  D  E  F  or  A  B,  may  be  called  the  involute 
curve.  The  second  curve  of  centers,  O  L  M  or  O  K  B,  may  be 
called  the  evolute  curve.  Successive  tangents  on  the  evolute 
curve  form  successive  normals  to  the  involute  curve.  Moreover, 
if  a  string  without  slack  were  fastened  at  L  of  length  equal  to 
the  maximum  intensity  O — 45°,  and  were  furnished  with  a  pencil 
at  the  free  end  ;  then  after  sticking  pins  in  the  paper  at  the 
successive  centers,  M  O,  etc.,  the  string,  when  moved  from  one 
side  to  the  other,  would  describe  with  the  pencil  the  involute  arc 
DBF.     The  same  condition  applies  to  the  upper  hemisphere. 

Theory  of  the  Method. 

The  mean  spherical  intensity  of  a  luminous   source   having 
-equal  intensities   in   azimuth   and  occupying  a  virtual  point   is 

n 

l=j4  J  I©   cosC->  d6^  candle-power  or  hefners   (i) 

^  -n 

2 

where  I©  is  the  luminous  intensity  p.t  the  elevation  0.  Let 
there  be  n  equal  zones  each  of  ^  radians.  Then  the  above  equa- 
tion becomes  : 


2I 


J2''n  /'2^n 

I@  cos^->  d0  -I-     J  I©  cos^  d^  + 
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I©  cos6^  d6^  4-   J  I©  cos^  d0  hefners   (2). 
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In  each  of  the  above  n  terms,   I©  can  differ  but  little  from  its 
value  at  the  midzone.   We  can  therefore  write  without  much  error: 

/2~T'n  /'2^n 

cos^  dS    -\-    I  J  cos6^  d6>  +   .  .  .  . 
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It  will  be  seen  by  inspection  that  the  construction  in  Figs.  1-4. 
makes  QQ'  =  2lni  and  that  the  projection  of  each  arc  in  the 
involute  curve  on  the  line  Q  Q '  corresponds  to  one  term  on  the 
right  hand  side  of  (3) 

The  construction  of  the  involute  curve  may  be  seen  to  express 

the  relation  1 

s  ^      j  ^    I©   d^  units   of   length 


and 


/: 


©d^-^ 


units    of   length 


in  the  upper  and  lower  hemispheres  respectively. 

When  the  zones  are  taken  of  20°,  it  is  advantageous  to  select 
as  their  midangular  elevations  +80°,  +60°,  +40°,  +20°,  +0°, 
-  20° ,  -  40° ,  -  60° ,  -  80° .  This  leaves  no  uncompleted  arc  at  either 
terminus,  and  it  avoids  any  discontinuity  in  the  involute  curve  at 
the  horizontal  line.  The  first  arc  is  drawn  from  4-10°  to  -10° 
with  the  radius  equal  to  the  mean  horizontal  intensity. 


APPENDIX. 


Since  it  is  sometimes  useful  to  draw  a  circular  polar  curve  of 
readily  calculable  mean  spherical  intensity,  we  may  consider  the 
general  case  presented  in  Fig.  5  of  a  circular  curve  of  maximum 

V 


Fig.  5.^Simple  Circular  Polar  Curve  Diametrically  Depresskd^Through  AngleX*. 
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intensity  I  at  the  diameter  O  A,  which  is  depressed  through  an 
angle  <?°  below  the  horizontal  O  H.  Then  the  intensity  at  any 
angle  of  elevation  6^°  is  I©  =  I  cos  (6>  -|-  <^)  candle-power  or 
hefners.  The  mean  spherical  intensity  of  the  source  will  then  be  : 


y.f 


2--* 


Ijj^  =  i^     I  I  cos  (H  ^  0)  cosfe'  dH  candle-power  or  hefners. 


^^ 


4 
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I^j  =  -^  cos^  (;r  -  <^)  +  sin<^  i^  candle-power  or  hefners. 
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=  0.5933I 

/-Im 

•is   the   mean   horizontal   intensity,   and   lo   ^  I  cos<i«>,   we  have 
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ARTIFICIAL  ILLUMINATION 
FROM  A  PHYSIOLOGICAL  POINT  OF  VIEW.^ 


By  Dr.  Myles  Standish. 


The  old  proverb,  ''seeing  is  believing,"  is  not  true  at  alL 
Seeing  is  not  believing.  Feeling  is  believing.  We  see  very  little ; 
that  is,  our  eyes  see  very  little.  They  see  nothing  but  light  as 
expressed  in  ordinary  illumination,  in  shadow  and  in  color. 
Everything  else  that  we  *'see,'  v.  e  perceive  as  the  result  of  ex- 
perience. We  say  we  see  that  this  surface  is  polished.  We  do^ 
not  see  that  it  is  polished.  We  see  that  it  reflects  light  in  a  cer- 
tain manner  and  we  have  at  some  time  investigated  that  surface 
with  our  fingers,  and  have  come  to  find  that  a  certain  reflection 
of  light  means  a  polished  surface.  So  also  with  rough  surfaces, 
with  solidity,  with  projection,  with  perspective,  with  distance, 
with  everything.  We  get  a  certain  amount  of  light  and  then  by 
actual  experience  we  find  out  how  to  interpret  that  light.  There- 
fore in  considering  illumination  we  must  take  a  few  of  these 
things  into  account. 

That  interpretation  is  the  greater  part  of  seeing  is  very  pic- 
turesquely shown  by  patients  who  have  been  born  with,  and  have 
grown  up  with  cataracts  and  have  then  been  operated  upon  and 
been  able  to  see.  A  gentleman  in  Philadelphia  operated  upon  a 
negro  woman  who  had  been  a  slave  before  the  War  and  had  al- 
ways lived  in  the  same  house  and  done  domestic  work,  such  as 
washing  dishes,  etc.  After  the  War  closed,  the  family  was  broken 
up  and  the  woman  thrown  on  her  own  resources,  it  became  neces- 
sary that  she  should  earn  her  own  living,  and  therefore  that  she 
should  be  able  to  see.  After  an  operation  for  cataracts  she  could 
see  with  the  aid  of  the  proper  lenses.  At  first  she  did  not  know 
the  difiference  in  appearance  between  a  teacup  which  she  had  been 
washing  and  a  cat  in  the  corner.  She  had  no  reason  to  be  able 
to  tell  which  was  the  cat  and  which  the  teacup.  It  was  simply 
a  lack  of  knowledge  with  her,  although  her  eyes  were  performing 
their  proper  functions.  A  number  of  years  ago,  one  of  my  emi- 
nent German  colleagues  operated  on  a  girl  of  14,  and  with  true 

*  A  pajKT  read  l»efore  tlie  New  England  Section  of  tin;  Illuniiiuiting  P^ngineerini; 
Society,  March  17, 1908. 
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German  thoroughness  kept  bandages  over  the  girl's  eyes  for 
weeks  after  the  operation,  so  that  she  should  not  be  able  to  ac- 
quire any  ability  to  interpret  her  visual  images.  He  tried  several 
experiments  upon  her  with  glasses.  He  records  that  it  was  seven 
days  after  the  child  could  see  very  well  before  she  recognized  a 
fork  when  she  saw  it,  although  she  had  been  using  a  fork  for  many 
years.  It  was  seven  days  further  before  she  recognized  the  pic- 
ture of  a  fork  as  representing  a  fork.  There  was  no  relationship 
between  the  two  to  her  mind. 

Ir 

The  above  facts  are  related  to  show  that  almost  all  of  that 
vision  which  we  call  sight  is  experience.  Art  itself  is  a  pure 
convention.  Some  years  ago  I  gave  a  lecture  on  art  from  an 
oculist's  point  of  view,  in  which  I  said  that  art  was  a  convention — 
something  we  acquired,  and  not  a  thing  that  we  recognized  be- 
cause we  saw  it  in  the  first  place,  and  that  it  was  possible  that  a 
civilization  should  come  up  which  would  have  an  entirely  differ- 
ent expression  of  art  from  that  which  we  have.  Dr.  Sturgis 
Bigelow,  in  the  discussion  which  followed,  said  that  it  was  a  curi- 
ous commentary  on  my  remarks  that  Chinese  artists,  whose  pic- 
tures we  consider  to  have  no  perspective,  criticise  Western  art 
and  say  that  it  is  all  very  good,  but  has  no  perspective,  showing 
that  they  have  an  entirely  different  view  of  perspective  from  ours. 
Now  we  work  out  perspective  mathematically  and  assume  that 
our  expression  of  perspective  must  be  correct,  but  we  get  our 
ideas  of  solidity  and  distance  through  our  eyes  largely  by  experi- 
ence. Of  course  we  have  two  eyes,  and  these  two  eyes  give  a 
slightly  different  view  of  each  object,  and  in  that  way  are  helped 
to  judge  of  solidity,  distance  and  shape  of  a  body,  as  far  as  the 
dimensions  go.  The  shadow  tells  us  that  it  is  solid,  that  it  has  a 
certain  length,  and  from  the  way  in  which  the  shadow  falls,  we 
estimate  the  solidity,  etc.,  of  the  object. 

You  are  all  entirely  familiar  with  that  trick  diagram  which  con- 
tains a  square,  and  inside  it  another  square,  with  a  line  drawn 
from  the  corners  of  the  interior  square  to  the  corners  of  the  ex- 
terior square.  You  look  at  it  and  it  seems  to  be  a  truncated  pyra- 
mid coming  toward  you.  After  a  moment  or  so,  the  thing  seems 
to  be  reversed,  and  the  truncation  seems  to  be  in  the  other  direc- 
tion. It  changes  before  our  eyes  from  one  condition  to  the  other. 
I  presume  the  explanation  of  it  is  that  it  is  entirely  our  mental 
conception  as  to  which  of  those  lines  are  nearer  to  us,  and  there 
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being  no  shadows  from  it  we  have  no  means  of  judging  which  is 
actually  nearer. 

Shadows  are  an  important  factor  in  our  judgment  of  what  we 
see.  The  light  which  enters  the  eye,  coming  through  the  dia- 
phragm of  the  pupil  and  focused  by  the  lens,  falls  upon  the  retina. 
The  retina  is  a  differentiated  lengthening  of  the  optic  nerve  so 
constructed  so  as  to  receive  the  pictures  presented  by  the  rays 
of  light  and  forward  them  to  the  brain.  This  retina  is  largely 
composed  of  rods  and  cones.  They  are  a  sort  of  Telford  pave- 
ment stood  up  on  end.  The  exact  use  of  rods  and  cones  is  not 
entirely  determined.  We  do,  however,  know  several  things  about 
them.  We  know,  for  instance,  that  in  the  macula  is  the  most  dis- 
tinctive vision  and  a  few  degrees  away  from  that  small  central 
area  the  objects  become  more  or  less  blurred  and  out  on  the 
periphery  one  can  barely  see  color,  whether  it  is  light  or  dark. 
The  central  area  of  acute  vision  is  composed  exclusively  of  cones, 
and  from  that  area  to  the  periphery  there  is  a  mingling  of  rods 
and  cones,  and  nearer  the  periphery  the  rods  predominate  or  be- 
come very  greatly  increased.  The  exact  function  of  the  rods  as 
differentiated  from  the  cones  is  not  known.  We  do  know  that 
the  rods  contain  a  chemical  agent  which  is  exhausted  or  used  up 
by  light  and  replaced  with  great  rapidity  when  the  eyes  are  used 
in  the  dark,  or  with  almost  instantaneous  rapidity  when  the  eyes 
are  used  under  ordinary  circumstances. 

The  fanciful  tale  of  photographing  the  retina  of  murdered  per- 
sons and  getting  pictures  of  the  murderer,  is,  of  course,  a 
myth  founded  upon  some  such  experiment  as  the  above.  If  a 
brilliant  white  illuminated  paling  against  a  dark  background  is 
placed  before  the  eye  of  an  animal  so  that  the  image  must  fall  in 
one  place,  practically  all  of  the  light  falls  in  the  shape  of  that 
image,  and  the  visual  purple  is  exhausted ;  if  the  animal  is  killed 
and  chemical  reactions  are  made,  there  may  be  obtained  a  sort 
of  rough  diagram. 

In  the  eyes  of  people  who  have  been  out  on  the  snow  for  a  long 
time,  or  people  who  have  had  very  large  pupils  from  some  cause 
and  are  out  on  the  snow  so  they  get  a  large  amount  of  light  in 
their  eyes,  the  purple  becomes  wholly  exhausted  if  they  enter  a 
place  that  is  not  so  brightly  lighted,  all  objects  appear  red.  The 
exhaustion  of  the  visual  purple  even  when  to  a  less  extent  may 
still  be  undesirable.     The  eye,  of  course,  adjusts  itself  to  light. 
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It  does  that  perhaps  largely  by  the  pupil  which  contracts  in  bright 
light  and  expands  in  darkness  or  in  shadow.  It  is  not  necessary 
for  light  to  come  through  the  pupil  in  order  to  make  the  pupil 
react.  If  the  eye  is  so  placed  that  the  entire  cornea ;  that  is,  the 
transparent  portion  which  covers  the  iris,  and  the  pupil  is  shaded 
from  the  light  and  only  the  white  portion  of  the  eye  exposed, 
the  turning  on  or  off  of  the  light  which  falls  upon  the  white  por- 
tion will  be  registered  with  absolute  accuracy  by  the  contraction 
and  dilation  of  the  pupil,  showing  that  the  amount  of  light  which 
comes  through  the  white  sclera  is  sufficient  to  produce  prompt  re- 
action of  the  pupil.  Therefore  the  effect  on  the  eye  cannot  be 
estimated  entirely  by  the  pupil,  as  many  people  attempt  to  do. 

Bright  light  is  tiresome  from  whichever  direction  it  comes  to 
the  eye,  but  it  is  much  more  tiresome  and  much  more  exhausting 
if  it  comes  from  unusual  directions.  Under  nearly  all  normal 
conditions  the  light  comes  from  above.  The  eye  is  protected  from 
light  from  above  by  the  bony  shelf  which  projects  forward  over 
it  so  that  the  light  does  not  fall  upon  the  white  portion  of  the 
eye  very  strongly.  The  reason  for  snow  blindness  is  probably  not 
only  the  great  intensity  but  largely  the  fact  that  the  light  comes 
from  the  wrong  direction.  It  is  the  light  which  comes  directly 
from  below  and  falls  largely  on  the  white  portion  of  the  eye  or 
going  through  the  pupil  falls  on  that  portion  of  the  retina  which 
is  not  accustomed  to  receiving  bright  light,  which  is  so  harmful. 

Incandescent  lamps  should  never  be  placed  in  such  position  that 
they  will  be  continuously  in  the  visual  field.  Indeed,  when  the 
lamp  is  so  placed  it  produces  disastrous  results.  The  difference 
in  the  illumination  between  the  object  looked  at  and  the  surround- 
ing objects  is  one  of  vital  importance.  An  opaque  shade,  throw- 
ing the  room  into  absolute  darkness,  especially  if  the  room  is 
darkly  decorated,  and  throwing  the  light  down  upon  the  book 
one  looks  at,  is  a  very  undesirable  device.  When  the  rest  of  a 
room  is  dark,  the  greater  the  illumination  in  one  spot,  the  more 
undesirable  it  is. 

Many  people  having  trouble  with  their  eyes  under  the  above 
conditions,  substitute  i6-cp.  lamps  for  8-cp.  units,  keeping  the 
surrounding  conditions  the  same,  and  subsequently  they  ask,  with 
great  seriousness  and  considerable  asperity  of  tone,  if  electric 
lamps  are  bad  for  the  eyes.  Of  course,  they  are  injurious  for 
the  eyes,  if  improperly  used.     Bookkeepers  are  often  subject  to 
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annoyance  from  poor  lighting.  They  open  out  their  book  on  their 
desk,  hang  a  lamp  from  above  about  on  a  level  with  their  eyes, 
to  throw  light  down  on  the  book  and  then  put  an  absolutely 
opaque  shade  around  it  to  protect  their  eyes.  They  are  probably 
in  the  back  of  the  office,  while  the  gentleman  who  runs  the  busi- 
ness and  does  not  have  to  use  his  eyes  so  much,  sits  up  in  the 
window.  The  walls  of  the  room  and  everything  else  except  the 
book  that  the  bookkeeper  is  working  on  are  probably  dark.  When 
a  man  under  these  conditions  is  persuaded  to  turn  the  lamp  and 
throw  the  light  away  from  himself  and  toward  his  book  so  that 
he  will  not  get  all  the  intensity  of  the  light  reflected  from  the 
paper  directly  into  his  eyes,  and  at  the  same  time  light  up  the 
walls  of  the  room  in  front  of  him  so  that  the  periphery  of  the 
field  is  illuminated  as  well  as  the  centre,  then  he  has  no  further 
need  of  an  oculist's  services. 

The  science  of  artificial  illumination  from  the  oculist's  point  of 
view,  consists  in  only  a  few  things.  First,  the  bare  filament,  or 
bare  incandescent  gas  mantle  or  anything  of  that  sort,  should 
never  stand  in  constant  relationship  to  a  man's  eyes  when  he  is 
working  in  a  given  place.  Better  yet,  they  never  should  be  exposed 
to  his  eyes.  They  should  be  high  enough  so  that  the  general  illumi- 
nation should  come  from  filaments  which  are  not  seen.  It  is  also 
desirable  that  the  illumination  on  the  page  should  be  only  slightly 
greater  than  the  general  illumination.  When  a  pencil  is  put  down 
on  the  paper  the  shadow  which  comes  from  the  special  illumina- 
tion should  be  only  slightly  dominant.    It  should  be  simply  darker. 

Constant  irritation  of  the  retina  from  alternating  light  and 
shadow  wearies  the  eye,  and  that  is  the  source  of  annoyance  when 
one  has  a  lamp  to  the  right  when  writing  with  a  pen.  When  the 
shadow  of  the  pen  is  constantly  moving  up  and  down  across  that 
which  one  has  just  written  so  that  at  one  moment  it  is  in  the 
bright  illumination  and  the  next  in  shadow,  ocular  fatigue  is  pro- 
duced. 

The  room  itself  must  be  fairly  illuminated  and  the  light  must 
not  fall  into  the  eye.  The  light  must  come  from  above,  the  direction 
to  wliich  we  are  accustomed.  The  lamp  should  be  so  placed 
that  the  light  will  not  be  reflected  brilliantly  from  below  into  the 
eyes.  Practically  normal  lamps  produce  shadows  and  any  form 
of  illumination  which  is  so  brilliantly  achieved  that  shadows  are 
eliminated   is  always  annoying.  ])robably  because  the  c\e  recog- 
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nizes  a  condition  in  which  it  cannot  judge,  if  seeing  is  judging, 
with  the  accuracy  with  which  it  should,  and  it  is  constantly  ad- 
justed and  readjusted  in  an  effort  to  make  known  objects  appear 
more  natural. 

The  proper  amount  of  light  seems  to  be  a  little  more  difficult  to 
determine.  It  is  true,  of  course,  that  the  amount  required  varies 
with  different  individuals.  Some  people  are  more  sensitive  to 
light  than  others,  and  in  olden  times  it  may  have  been  a  general 
fault  that  there  was  not  light  enough.  In  general  illumination  it 
is  true  at  the  present  time  that  we  have  too  much  light  as  a  rule. 
Everybody  seems  to  desire  as  much  light  as  possible.  More  light 
than  is  necessary  is  harmful. 

I  do  not  pretend  to  say  at  the  present  moment  how  much  light 
is  necessary  for  any  given  purpose,  but  as  to  how  it  should  be 
directed,  I  have  very  positive  opinions,  as  stated  above. 


DISCUSSION  OF  DR.  vSTANDISH'S  PAPER  BY  THE 
NEW  ENGLAND  SECTION. 

Mr.  J.  S.  Codman. — A  considerable  amount  of  work  must 
be  conducted  to  educate  the  people  to  appreciate  the  harmful  ef- 
fects from  bare  lamps.  The  general  public  oppose  the 
use  of  frosted  bulbs  and  shades,  and  demand  bare  filament  lamps, 
even  when  they  are  of  the  high  efficiency  tungsten  type. 

Dr.  WiUiams. — A  very  desirable  paper  for  the  use  of 
bookkeepers  is  one  without  gloss,  but  having  a  decidedly  yellow 
tint.  The  basis  of  all  comparative  vision  is  the  difference  in  the 
illumination  of  the  different  objects.  It  depends  somewhat  on 
the  difference  in  color,  but  mostly  on  the  difference  in  luminosity, 
which  depends  on  the  co-efficiency  of  reflection  of  these  surfaces. 
The  greater  the  reflection  the  greater  will  be  the  illumination 
and  the  better  will  be  the  lis^ht  in  the  room.  Witli  ordinary  white 
paper  and  with  Hght  colors  the  co-efficiency  of  reflection  will 
probably  not  be  over  .6.  The  co-efficient  falls  rapidly  when  any 
colors  are  mixed  with  the  white.  The  best  colors  are  the  whites 
and  yellows  :  then  there  is  a  rapid  falling  off  through  the  greens, 
reds,  browns,  etc.,  and  there  are  colors  which  reflect  only  about 
.2  or  less  of  the  incident  light. 
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When  the  Hght  comes  from  a  mercury-vapor  lamp  a  sharper 
focus  is  obtained,  because  the  red  rays  are  eliminated.  It  is  to 
be  remembered  that  there  is  a  difference  of  nearly  1-2  m.  m.  in 
the  focal  point  of  the  red  and  the  blue  rays  in  the  human  eye. 
With  ordinary  lamps  the  light  intensity  is  so  much  greater  in 
the  yellow  and  the  yellow  green  that  we  practically  focus  our 
eyes  for  that  part  of  the  spectrum  and  get  a  very  satisfactory 
definition.  With  the  mercury-vapor  lamp  there  is  sometimes  a 
sense  of  fatigue  after  continued  use  brought  on  by  the  fact  that 
the  eye  is  being  supplied  with  only  a  part  of  the  light  to  which 
it  has  become  adapted,  and  when  the  red  components  is  omitted 
the  loss  is  noticed. 

The  light  from  the  mercury  vapor  lamp  is  poor  in  red  rays, 
but  rich  in  actinic  rays.  The  short  wave  length,  which  are  irri- 
tating to  the  eyes,  can  be  eUminated  by  the  use  of  amber  glasses. 
Such  glasses  decrease  the  luminosity  somewhat,  but  even  a 
mercury-vapor  lamp  depends  very  little  upon  the  blue-violet  rays 
for  its  luminosity,  the  best  light  coming  from  the  yellow  and 
green. 

Mr.  Griff ord. — A  convenient  method  of  determining  whether 
a  lamp  filament  is  too  brilliant  consists  in  noting  the 
duration  of  the  image  remaining  when  one  closes  his  eyes  after 
viewing  the  filament.  If  no  image  remains,  it  is  probable  that 
the  brightness  is  not  great  enough  to  cause  eye  trouble. 

Dr.  Standish. — The  test  suggested  by  Mr.  Grifford  is*  a 
good  one.  The  value  of  the  intrinsic  brilliancy  which  will  pro- 
duce an  after-image,  and  also  which  will  cause  eye  trouble,  de- 
pends upon  the  background.  Modern  incandescent  lamps  are  too 
brilliant  for  use  with  black  background.  One  finds  it  disagreeable 
to  use  red  paper,  a  better  color  being  yellow,  which,  in  fact,  is 
less  fatiguing  than  pure  white.  It  is  probable  that  part  of  the 
disagreeable  results  with  red  is  attributable  to  the  absence  of 
actinic  rays.  Gloss  is  not  an  objectionable  feature  of  a  paper, 
provided  the  light  is  obtained  from  such  a  direction  that  none 
is  reflected  into  the  eves. 


DISCUSSION  BY  THE  CHICAGO  SECTION  OF  DR.  H.  H. 
SEABROOK'S  PAPER  "THE  EFFECTS  OF  LIGHT 
UPON  THE  EYE."* 

Dr.  Edzvard  '  T.  Gardner. — Daylight,  not  sunlight,  is  the 
natural  light.  The  light  given  by  Nature  is  rich  in  all  that 
we  need.  Daylight  is  a  tonic  for  the  eye.  However,  since  our 
natural  luminary  is  doing  business  elsewhere  a  part  of  the  time, 
we  must  find  a  substitute,  and  there  is  no  doubt  that  a  good 
kerosene  lamp  is  the  best  substitute  known. 

The  effect  of  light  upon  the  normal  eye,  when  the  illumina- 
tion is  moderate,  is  perfectly  physiological  and  has  no  ill  results. 
The  kerosene  lamp  is  a  standard  substitute  for  daylight;  it  gives 
sufficient  light  and  a  good  quality  of  light.  Now,  if  the  kerosene 
lamp  be  compared  with  the  electric  lamp  it  will  be  found  that 
so  far  as  the  quality  is  concerned  they  are  very  similar. 

The  electric  lamp  has  caused  more  trouble  in  recent  years 
than  has  the  kerosene  lamp,  more  on  account  of  quantity  than  of 
quality.  In  light,  as  in  some  other  things,  we  Americans  are 
rather  vulgarly  inclined.  When  it  comes  to  quantity  our  prod- 
igality is  vulgar.  Illuminating  engineers  demand  an  excess  of 
light.  Brilliant  illumination  suggests  opulence,  therefore,  it  must 
be  had.  In  many  instances  the  expense  is  the  only  thing  that 
prevents  the  brilliancy  becoming  so  great  as  to  effect  eyesight. 

In  the  incandescent  electric  lamp  the  small  area  of  the  fila- 
ment is  the  source  of  enormous  illuminating  power.  Its  in- 
tensity is  so  great  that  the  eyes  are  injured  when  directly  ex- 
posed to  it.  Every  effort  should  be  made  to  abolish  the  clear 
glass  bulb  when  it  is  so  located  that  the  light  rays  inpinge  di- 
rectly upon  the  eye. 

The  normal  eye  does  not  need  protection  in  ordinary  light. 
However,  a  diseased  or  weak  eye  is  unable  to  withstand  high 
luminous  density.  It  is  generally  conceded  that  the  light  pro- 
duced by  a  good  kerosene  lamp  is  the  best  artificial  illumination 
for  close  work.  The  light  of  the  incandescent  electric  lamp  is 
acceptable  so  far  as  its  color  is  concerned,  but  the  brilliancy  of 
the  filament  is  too  great,  and  an  exposed  filament  is  harmful  to 
the   eye.      A   ground-glass   globe   is  effective   in   decreasing  the 


*  See  page  156  of  the  February  issue  of  the  Transactions. 


262      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

brilliancy,  but  it  absorbs  about  25  per  cent,  of  the  light.  Illu- 
minating engineers  should  educate  the  people  to  appreciate  the 
fact  that  75  per  cent,  light,  well  softened,  is  better,  in  every  re- 
spect, than  100  per  cent,  light  from  an  exposed  filament. 

Dr.  George  F.  Suker. — In  thanking  the  Illuminating 
Engineering  Society  for  its  invitation  to  the  Chicago  Ophthal- 
mological  Society  to  attend  its  meeting,  I  wish  to  express  the 
willingness  of  the  members  of  the  latter  society  to  hold  a  joint 
session  with  the  former  in  the  near  future  in  order  to  discuss 
fully  the  subject  treated  at  the  present  meeting.  The  incandescent 
electric  lamp,  as  now  constructed  and  generally  used,  is  a  source 
of  great  evil.  The  brilliant  filament  is  very  exhausting  to  the 
retina  of  the  eye,  causing  after  images  which  of  themselves  are 
sufficient  to  become  irritating.  It  is  not  so  much  the  quality 
of  the  light  as  the  construction  of  the  lamp  that  is  at  fault.  Good 
results  can  be  obtained  by  covering  the  lamp,  so  as  to  hide  the 
filament  under  an  amber  or  green  tint.  A  diffused  light  emanat- 
ing from  a  distant  source  is  much  better  than  a  direct  light  from 
a  lamp  near  at  hand.  The  ordinary  clear  glass  that  is  used  for 
incandescent  lamps  is  not  as  good  as  a  tinted  one,  irrespective 
of  the  color,  so  long  as  the  proper  quality  of  light  is  obtained 
for  the  illumination  of  a  given  space.  Excessive  light  is  always 
accompanied  by  a  certain  amount  of  heat,  and  the  heat  rays  are 
just  as  injurious  to  the  eye  as  any  other  ray. 

The  light  that  is  ordinarily  furnished  for  large  rooms  is  usual- 
h'  ample  for  general  purposes,  but  for  close  work  the  results  are 
not  satisfactory.  I  believe  it  is  better  for  home  purposes  to  have 
one  large  central  lamp,  giving  well  diffused  light,  and  not  a  near- 
at-hand,  intense  and  insufficiently  protected  lamp,  for  example, 
the  usual  electric  study  or  chandelier  lamp.  It  is  best  to  have 
a  large  area  well  illuminated,  so  that  one  particular  person  can- 
not assume  the  greater  share  of  the  light.  Just  as  good  results 
can  be  obtained  with  a  moderate  amount  of  illumination  well  dif- 
fused, as  with  an  intense  lamp  and  poor  reflection.  A  good  ar- 
rangement is  obtained  by  placing  the  lamp  well  away  from  the 
eye  and  using  some  translucent,  not  transparent,  form  of  glass. 

Dr,  Henrv  Gradle. — An  ideal  illuminating  arrangement 
would  be  found  in  the  use  of  arc-lamps  equipped  with  re- 
flectors for  throwing  the  light  against  the  ceiling  and  walls.     A 
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reproduction  of  daylight  is  what  is  really  wanted.  A  distinction 
must  be  made  between  the  general  illumination  of  a  room  and 
the  lighting  required  for  close  study.  In  the  former  instance, 
where  it  is  not  the  object  to  read  steadily,  the  more  diffused  the 
illumination  the  better.  It  is  not  desirable  in  that  case  to  have 
.a  very  brilliant  lamp  directly  exposed  to  the  eye.  On  the  other 
hand,  when  the  light  is  to  be  used  for  the  purpose  of  reading, 
the  shade  over  the  lamp  should  be  opaque,  in  order  to  throw 
as  much  light  on  the  paper  as  possible,  and  a  polished  reflector 
is  decidedly  better  than  a  ground  glass  globe  for  this  purpose. 

Considerable  eye  trouble  has  been  experienced  by  office  men 
when  their  eyes  have  been  exposed  to  the  heat  directly  from  a 
lamp  or  reflected  by  glazed  paper.  Such  trouble  can  be  avoided 
l)y  placing  the  lamp  far  away  from  the  eye  and  arranging  for 
the  proper  amount  of  diffused  illumination.  Electric  light,  for 
most  purposes,  is  as  good  as  can  be  produced.  The  aim  of  the 
illuminating  engineer  should  be  to  produce  light  of  sufficient  in- 
tensity with  as  little  heat  as  possible,  and  having  a  color  as  near 
■daylight  as  possible. 


LIGHTING   FIXTURES 
FROM  A  MANUFACTURER'S  POINT  OF  VIEW.* 


By  Mr.  F.  C.  Dickey 


Attention  having  been  directed  to  a  recent  criticism  to  the 
effect  that  the  lighting  fixture  manufacturers  and  dealers  gen- 
erally are  lacking  in  progressiveness,  and  are  from  ten  to  fifteen 
years  behind  the  times,  possibly  a  few  words  from  a  manufac- 
turer's standpoint  may  not  be  wholly  without  interest. 

It  is  to  be  admitted  that  uhe  primary  idea  of  establishing  a 
manufacturing  plant  is  to  obtain  a  profit  on  the  capital  invested. 
In  order  to  accomplish  this  result  not  only  must  skill,  care  and 
economy  be  exercised  in  the  conduct  of  the  business,  but  equally 
important  must  it  be  that  the  manufacturer  produce  fixtures- 
which  will  be  quickly  purchased  by  the  users,  so  tlie  business- 
will  be  continued  and  become  permanent. 

The  manufacture  of  lighting  fixtures  is  a  complicated  pro- 
cess, and  one  not  at  all  as  easy  as  it  looks.  There  are  many  ele- 
ments to  be  considered  and  employed  before  a  satisfactory  article 
is  produced,  and  the  industry  is  essentially  one  which  combines 
the  artistic  and  mechanical  in  a  high  degree.  The  designer,  who 
is  also  an  artist,  embodies  his  thoughts  and  ideas  in  a  sketch 
which  the  artisan  reproduces  in  a  tangible  and  practical  manner, 
out  of  such  refractory  materials  as  brass,  iron,  glass  and  combi- 
nations of  them,  so  that  gas  or  electricity  can  be  conveyed  to 
the  several  distributing  points  of  the  fixture,  and  thus  be  made 
to  serve  its  purpose  of  being  a  source  of  illumination  as  well  as 
a  pleasant  object  to  the  eye. 

If  the  lighting  fixture  manufacturer  is  successful  he  must 
be  progressive,  for  the  law  of  trade  knows  no  favors,  and  lack 
of  progressiveness  and  individuality  would  soon  eliminate  such 
a  producer  from  the  field.  Hence  it  follows  that  if  the  stock 
of  a  manufacturer  or  dealer  contains  any  fixtures  which  are  of 
a  style  which  was  in  vogue  years  ago,  the  thought  naturally 
suggests  itself  that  he  has  not  fully  realized  or  appreciated  his- 
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position.  If  he  did,  it  should  quickly  have  become  apparent  to 
him  that  the  proper  course  to  adopt  would  have  been  for  him  to 
lessen  the  price  on  the  slow  moving  articles,  so  that  he  could 
readily  dispose  of  them,  and  thus  make  room  for  more  modern 
and  quickly  moving  pieces,  and,  accordingly,  more  profitable  ones. 
This,  no  doubt,  is  often  done,  as  the  veriest  tyro  in  business  mat- 
ters soon  recognizes  the  fact  that  the  slowest  moving  stock  is  the 
most  expensive  and  the  least  profitable,  by  reason  of  its  requiring 
so  much  dead  capital,  which  becomes  more  costly  and  burdensome 
every  year,  due  to  the  accumulation  of  interest  necessary  to  carry 
it,  and  from  which  no  return  can  be  expected. 

I  do  not  think,  however,  that  there  are  many  such  stocks 
of  fixtures  at  the  present  time,  and  am  confident  that  if  access 
could  be  had  to  the  records  of  the  manufacturer  or  dealer  it 
would  be  found  that  the  majority  of  the  so-called  "old  styles" 
are  goods  which  have  been  only  lately  manufactured  or  received 
from  the  factory,  and  are  of  a  staple  or  standard  character,  and 
are  being  constantly  reproduced  as  a  result  of  the  demands  of 
his  trade  and  successive  re-orders,  and  which  are  so  complete 
or  general  in  character  and  so  fully  answer  the  essentials,  that 
from  a  trade  standpoint,  he  would  be  committing  a  blunder  in 
discontinuing  their  manufacture. 

The  manufacturer  and  dealer  are  entirely  dependent  upon 
their  trade  for  their  existence,  and  if  either  of  them  fails  to  ap- 
preciate or  grasp  the  requirements  of  his  trade,  he  will  soon 
be  lost  sight  of,  and  while  they  may  be  regarded  to  some  extent 
as  the  teachers  of  their  clients,  and  do  endeavor  to  instill  more 
aesthetic  ideas  in  their  tastes,  none  is  so  situated  financially  as 
to  be  able  to  take  a  rock-like  stand  and  offer  himself  as  a 
willing  sacrifice  for  the  sake  of  the  ideal,  which,  in  the  majority 
of  cases,  would  be  brushed  aside  for  a  more  tawdry  or  showy 
object  anyhow.  No  manufacturer  is  in  a  position,  at  the  present 
time,  to  confine  himself  entirely  to  purely  ideal  fixtures  and  pro- 
duce enough  of  them  to  return  a  satisfactory  profit ;  whether  will- 
ing or  not,  he  is  compelled  to  turn  out  the  more  showy,  even  if 
less  artistic,  pieces,  which  please  the  eye  of  the  greater  number. 
Still  the  present  prominence  of  the  fixture  industry  is  undoubt- 
edly due  to  the  foresight  and  progressiveness  of  the  manufac- 
turers, stimulated  by  the  demands  of  the  trade  and  by  competition. 
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and  is  destined  to  become  even  more  prominent  as  the  value  of 
fixtures  in  the  decorative  art  becomes  more  fully  recognized. 

Criticism  of  the  manufacturer  for  lacking  in  originality  and 
failing  to  produce  something  entirely  new  and  different  from 
anything  extant  is  a  sweeping  one,  and  one  not  altogether  war- 
ranted by  the  facts.  It  must  be  borne  in  mind  that  he  is  handi- 
capped by  the  same  limitations  which  prevail  in  architecture  and 
decoration  in  general ;  that  is,  that  our  forbears'  conception  of 
the  artistic  and  utilitarian  were  so  comprehensive  and  well 
adapted  for  the  purpose  that  we  of  this  date  have  not  been  able 
to  devise  any  new  radical  types  without,  of  necessity,  absorbing 
some  of  the  older  ideas  and  changing  them  to  suit  modern  con- 
ditions. However,  the  lighting  fixtures  of  today,  both  gas  and 
electric,  are  artistic  and  individual  in  a  marked  degree,  and  are 
not  mere  copies  or  reproductions. 

It  has  been  said  by  a  writer  that  ''originality  in  art,  as  in 
everything  else,  is  an  affair  both  of  individual  endowment  and 
thought,  and  of  social  recognition  and  confirmation."  An  af- 
firmation of  this  sentiment,  from  the  point  of  view  of  the  manu- 
facturer, is  found  in  the  numerous  notable  installations  which 
abound  in  all  sections  of  our  country,  and  which  surely  refute 
the  statement  that  he  is  so  far  in  the  rear.  These  notable  ex- 
amples could  be  reproduced  in  an  almost  endless  manner  by 
sundry  changes  in  detail  and  treatment,  and  to  the  satisfaction 
of  the  producer,  architect,  engineer,  and  decorator,  as  well  as  of 
the  user.  All  can  enjoy  the  delight  of  having  specially  designed 
fixtures  which  display  originality  in  conception  and  execution, 
provided  a  sufficient  sum  of  money  is  allotted  to  produce  the 
desired  result. 

Until  within  a  coni]:)aratively  recent  period  the  question  of 
the  lighting  fixtures  was  almost  invariably  pushed  aside  until 
the  building  was  nearly  completed  or  ready  for  occupancy ;  then 
it  was  often  found  that  the  estimated  cost  of  the  building  had 
already  been  exceeded,  on  account  of  various  changes  being  made 
as  the  work  progressed,  and  then  the  dictum  given  to  the  fixture 
man  was  that  economy  had  to  be  exercised. 

This  statement  may  seem  to  be  a  liberal  one,  but  reflection 
will  enable  one  to  discern  that  herein  is  the  probable  reason  for 
a  large  number  of  the  incongruous  installations  we  see.  In  many 
instances,  there  have  been  sums  of  money  spent  for  fine  decora- 
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tions,  often  running  into  hundreds  of  dollars  for  a  room,  and 
more  often  than  not  the  entire  artistic  effect  is  at  least  marred, 
if  not  spoiled,  by  the  use  of  improper  fixtures.  The  lamps  will 
provide  sufficient  light,  it  is  true,  but  the  fixtures  do  not  carry- 
out  the  harmony,  and  a  discord,  so  to  say,  is  produced,  caused 
by  an  outlay  for  the  lighting  fixtures  of  from  one-fiftieth  to  per- 
haps one-twentieth  of  the  cost  of  the  decorating. 

All  fixtures  should  be  in  harmony  with  their  surroundings, 
whether  in  the  home  or  public  places,  and  failure  to  observe  this 
requirement  is  a  fruitful  source  of  disappointment.  They  should 
Idq  given  the  same  consideration  and  thought  as  any  other  detail 
•of  the  general  plan,  and  the  more  this  fact  is  emphasized  and 
practiced  the  sooner  the  desire  of  the  expert  for  greater  improve- 
ment will  be  realized. 

If  we  are  dissatisfied  with  the  papering  or  decorating  of  a 
room,  as  soon  as  practicable  we  have  it  changed,  but  in  innumer- 
able instances  the  old  fixtures  are  permitted  to  remain  without 
even  being  refinished. 

The  selection  of  the  means  of  producing  light  depends  upon 
local  conditions  and  individual  taste,  and  must,  therefore,  be 
left  to  the  user.  Whatever  the  means  may  be,  we  think  the  best 
results  of  illumination  are  to  be  attained  by  the  use  of  a  fixture 
or  chandelier  supplemented  by  the  side  brackets  in  some  of  the 
more  important  locations ;  in  small  and  unimportant  rooms  the 
simple  side  bracket  alone  is  usually  sufficient.  Aside  from  trade 
reasons,  the  use  of  the  central  fixture  or  chandelier  seems  to  be 
the  most  logical  one,  as  by  no  other  means  can  the  average  room 
be  more  evenly  illuminated.  If  side  brackets  alone  are  employed, 
then  the  immediate  vicinity  of  the  lighted  bracket  is  practically 
the  only  space  favored,  unless  each  wall  is  equipped  with  a  suffi- 
cient number  of  brackets,  the  effect  being  surely  one  of  lights 
and  shadows. 

The  best  manner  of  lighting  a  church  or  a  hall,  rectangular 
or  square  in  shape,  and  not  broken  by  a  balcony  or  gallery  on 
the  sides,  is  by  the  use  of  fixtures  on  both  sides  of  a  central  line, 
so  hung  that  each  one  becomes  a  center  of  light  distribution.  If 
the  church  should  contain  a  balcony,  then  it  would  probably  be 
expedient  to  have  a  large  central  fixture  and  side  brackets  on 
the  face  of  the  balcony  and  on  the  walls  beneath  it. 
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For  rooms  with  low  and  panelled  ceilings,  where  electricity 
can  be  obtained,  the  use  of  fixtures  which  can  be  placed  close 
to  the  ceihng  is  to  be  recommended.  If  gas  alone  is  the  medium 
of  light,  the  fixture  necessarily  must  have  a  longer  central  stem ; 
the  numerous  styles  of  inverted  burners,  however,  permit  the 
use  of  types  of  fixtures  which  a  few  years  ago  were  not  thought  of. 

It  is  a  fact  that  modern  artificial  light  sources  are  too  bright 
to  be  used  uncovered.  Where  the  light  is  to  be  used  for  a  careful 
vision,  such  as  reading  or  writing,  the  lamps  should  be  enclosed 
in  globes  or  shades,  which  will  diffuse  the  light  and  at  the  same 
time  protect  the  eye  from  the  direct  glare. 

In  the  Hghting  of  the  house  we  cannot  conceive  a  more 
generally  satisfactory  method  than  the  use  of  a  central  fixture,, 
and,  in  addition,  side  brackets  if  needed.  In  the  home,  where 
we  expect  comfort  not  elsewhere  obtainable,  the  matter  of  light 
becomes  one  of  convenience  and  concern.  If  the  house  is  a 
suburban  one  it  has  a  porch  which  serves  one  of  two  purposes: 
a  sheltered  entrance  to  the  house,  or  an  open-air  sitting  room. 
The  lighting,  therefore,  should  be  designed  in  accordance  with 
the  purpose  which  the  porch  is  to  serve. 

In  the  vestibule  or  entrance  hall  a  hanging  lantern  or  ceiling 
pendant,  properly  shaded  or  globed  so  as  to  give  a  comparatively 
dim  light,  is  all  that  is  required.  In  the  reception  hall  there 
should  be  the  tasteful  chandelier,  and  if  the  hall  be  of  the  so- 
called  "Dutch"  type,  with  its  inviting  fire-place,  the  most  natural 
locations  for  the  brackets  are  on  either  side  of  it.  For  the  re- 
ception room  a  central  fixture  Is  usually  sufficient.  For  the  par- 
lor or  drawing  rooms  a  central  fixture  and  side  brackets ;  if  the 
room  is  sufficiently  large,  two  fixtures  can  be  used  without  de- 
tracting from  the  decorations,  and  in  this  manner  remove  any 
objections  to  the  excessive  number  of  burners  or  lamps  at  one 
central  point  which  would  otherwise  be  required  to  properly  light 
it.  The  lighting  of  a  parlor,  or  of  a  reception  or  drawing  room, 
should  be  sufficiently  brilliant  to  bring  out  the  full  effect  of  the 
furnishings  of  the  room  and  the  costumes  of  the  occupants,  and 
still  be  as  free  as  possible  from  dazzling  spots  and  deep  shadows. 
In  the  dining  room  and  library,  more  than  in  any  other  part  of 
the  home,  is  the  value  of  a  central  fixture  demonstrated.  In  each 
of  these  places  it  is  essential  that  the  table  receive  the  major  por- 
tion of  the  light,  and  yet  the  source  of  light  should  be  hidden 
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•as  much  as  possible;  for  this  purpose  no  better  type  of  fixture 
could  be  employed  than  the  dome  with  its  central  lamp  and  addi- 
tional arms  on  the  outside  should  a  general  light,  more  than 
would  be  diffused  by  the  central  dome,  be  required. 

Art  glass,  in  its  almost  infinite  variety  of  colors,  lending  itself 
as  it  does  to  any  color  scheme,  has  lately  been  supplemented  and 
to  a  great  extent  supplanted  by  the  ground  glass,  with  cuttings 
and  etchings,  reproductions  in  a  modern  way  of  shades  and 
shields  of  the  so-called  "Colonial"  period,  which  are  particularly 
effective  in  accentuating  the  delicate  tints  of  the  decorations  and 
furnishings. 

In  the  bed-rooms  a  general  daintiness  in  the  treatment  of 
the  fixtures  should  be  prerequisite,  and  a  fixture  suspended  from 
the  ceiling  and  side  brackets  at  a  point  in  the  room  which  would 
most  naturally  be  selected  for  the  location  of  a  dressing  table 
or  bureau  are  the  most  effective  means  of  illumination.  Great 
care  should  be  employed  in  the  location  of  the  outlets  in  these 
rooms ;  they  should  be  removed  to  a  distance  far  enough  away 
from  windows  so  that  there  may  be  no  danger  of  a  fire  caused 
"by  a  lace  curtain  being  blown  into  an  open  gas  flame. 

For  a  bath-room  two  side  brackets  are  the  most  desirable, 
and  they  will  be  found  to  be  convenient  adjuncts,  as  in  the  ma- 
jority of  bath-rooms  the  space  at  hand  is  very  limited,  and  a 
fixture  suspended  from  the  ceiling  is  often  in  the  way. 

The  "den"  or  smoking  room  is  essentially  one  where  fancy, 
comfort  and  individuality  take  precedence  over  conventionality, 
and  the  main  point  to  be  kept  in  mind  is  to  secure  a  soft,  warm 
light,  one  which  will  prove  its  companionableness  in  much  the 
same  silent  and  sympathetic  manner  that  a  good  book  does. 

For  lighting  a  billiard  or  pool  table  a  chandelier  with  the 
lamps  in  a  line  with  the  long  axis  of  the  table  is  the  most  efiicient. 
The  lamps,  of  course,  must  be  so  shaded  as  to  be  entirely  out  of 
the  field  of  vision  and  cast  no  perceptible  shadows  on  the  table. 

The  proper  lighting  of  a  bowling  alley  was  for  a  long  time 
a  nightmare  to  contractors,  but  this  has  now  been  happily  over- 
come by  the  use  of  a  sufficient  number  of  pendant  fixtures  and 
^curved  reflectors  or  shades,  which  apparently  have  remedied  the 
former  troubles. 

In  conclusion,  the  writer  begs  to  express  the  hope  that  these 
Temarks  from  a  manufacturer's  point  of  view  be  not  considered 
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as  arbitrary  or  unalterable,  but  only  the  expression  of  an  indi- 
vidual opinion.  As  a  result  of  the  intelligent  co-operation  of  the 
manufacturers  with  the  illuminating  engineer,  who  has  already 
accomplished  so  much  in  the  very  few  years  he  has  been  engaged 
as  a  specialist,  we  should  look  forward  to  the  time  in  the  very^ 
near  future  when  many  of  the  faults  and  evils  heretofore  existing,, 
and  for  which  the  fixture  man  was  held  accountable,  will  have- 
disappeared. 


MODERN    METHODS   OF  ILLUMINATION,   FROM  THE 
ARCHITECTURAL  STANDPOINT.^i^ 


By  Horace  W.  Castor. 


This  is  a  day  of  specializing,  and  we  have  learned  the  truth- 
fulness of  the  adage :  '*A  Jack  of  all  trades  and  master  of  none." 
An  architect  no  longer  tries  to  master  the  intricacies  of  all  the 
special  branches  of  work  entering  into  the  completion  of  the 
buildings.  It  is  true  he  is  the  master  mind  in  the  entire  under- 
taking, but  men  who  have  made  heating,  electric  work,  etc.,  sub- 
jects of  special  study  are  called  in  as  consulting  engineers,  and 
by  the  exchange  of  views  and  co-operation  more  satisfactorv  re- 
sults are  obtained. 

I  know  of  no  set  rule  applicable  to  the  lighting  of  all  classes 
of  buildings.  Each  building  must  have  its  own  study,  and  the 
peculiar  purpose  for  which  the  building  is  intended  decides  the 
form  of  lighting.  Buildings  are  erected  for  manufacture,  for 
shelter,  for  workshop,  to  make  mirth  in,  to  be  taught  in,  etc.,  and 
each  demands  its  own  particular  method  of  lighting.  The  light- 
ing scheme  must  not  be  paramount  to  all  else,  but  the  lighting 
must  be  done  without  attracting  particular  attention  to  itself;  it 
must  be  simply  a  means  to  an  end. 

Over-elaboration  is  harmful.  The  beauty  of  structural  pro- 
jections, the  reveals,  the  cornices,  the  mouldings,  the  mass,  the 
grouping,  all  these  must  be  maintained  and  the  lighting  so  ar- 
ranged that  these  features  are  not  lessened  or  made  subordinate. 
The  adaptability  and  construction  of  a  building  are  all  vastly  more 
important  than  its  ornamentation ;  so  the  lighting  of  a  building 
for  the  comfort  of  its  occupants  should  receive  first  consideration, 
rather  than  lighting  for  ornamentation  or  display.  Service  first 
and  ornamentation  second  is  good  practice.  As  an  example,  let 
me  cite  the  State  Auditor's  room  at  Harrisburg.  Visit  that  room 
and  you  will  see  very  elaborate  fixtures  that  cost  thousands  of 
dollars,  more  than  overdone  in  design,  suspended  from  the  ceil- 
ing. Directly  beneath  one  of  the  fixtures  is  a  desk  intended  for 
writing,  and  in  order  to  make  it  adaptable  for  the  use  intended 
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it  was  necessary  to  furnish  a  socket  and  cord  from  this  elaborate 
fixture  to  an  ordinary  stock  green  shade  lamp  placed  on  the  desk, 
and  probably  worth  less  than  two  dollars,  but  accomplishing  the 
purpose  that  the  elaborate  fixture  did  not;  and  remember  the 
room  was-  intended  for  a  writing  and  reading  room,  and  not  for 
a  show  room  in  which  to  display  costly  fixtures. 

It  is  the  tendency  now  to  get  away  from  the  elaborate  chan- 
delier display.  The  designs  are  simple,  good  lines  are  maintained, 
and  outlets  are  so  located  as  to  avoid  shadows  from  the  fixtures 
themselves.  In  the  magnificent  Memorial  Hall  at  the  Naval 
Academy,  Mr.  Flagg,  the  architect,  has  depended  entirely  on  side 
and  ceiling  lighting. 

Church  work  affords  a  good  opportunity  for  the  combined 
efforts  of  the  skill  of  the  architect  and  the  illuminating  engineer. 
There  are  two  suggestions  for  the  proper  lay-out  for  church 
lighting:  i.  Avoid  the  suspending  of  chandeliers  from  trusses 
if  their  arrangement  interferes  with  the  sight  line  and  the  ac- 
coustics.  2.  Avoid  too  much  ceiling  illumination,  and  arrange 
the  lighting  in  such  series  that  proper  control  before  and  during 
service  may  be  obtained. 

Chandeliers  suspended  from  trusses,  unless  they  are  ex- 
tremely well  designed  and  of  proper  materials,  are  mostly  mere 
conveniences  on  which  to  hang  electric  lamps  and  the  dust  of 
ages.  The  distance  from  the  truss  to  the  right  height  from  the 
floor  for  the  chandelier  to  hang  to  give  the  necessary  light  often 
requires  a  long  stem.  This  stem  looks  so  slender  in  proportion 
to  all  around  it  that  one  is  inclined  to  muse  and  to  count  the 
moments  when  the  slender  stem,  like  the  thread  which  suspended 
the  sword  of  Damocles,  would  snap  and  cause  consternation,  if 
not   decapitation,  among  the  worshipers. 

Lines  of  lamps  used  along  members  of  the  trusses  do  not 
always  give  satisfactory  results.  The  trusses  are  usually  from 
50  to  60  feet  above  the  level  of  the  floor,  and  the  panels,  of  either 
wood  or  plaster,  forming  the  ceiling,  are  consequently  in  the 
glow  of  the  light  of  the  trusses,  with  the  result  that  any  defects 
in  workmanship,  cracks  and  dust  are  plainly  visible  from  below, 
while  the  space  nearer  the  floor,  which  should  be  lighter,  is  in 
shadow.  If  the  design  of  the  roof  is  a  clere  story,  a  satisfactory 
scheme  of  lighting  is  obtained  by  studding  lamps  i)arallel  with  the 
axis  of  the  church,  using  the  structural  projections  of  the  cornice 
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or  mouldings,  and  as  these  mouldings  or  cornices  are  nearer  to 
the  floor  than  the  line  of  the  trusses,  the  light  is  better  diffused 
where  required,  while  the  loft  of  the  church,  or  the  ceiling  por- 
tion, is  left  in  an  afterglow,  with  all  of  the  structural  projections, 
cornices,  mouldings,  tracery,  etc.,  left  unaffected  by  the  otherwise 
strong  glow  of  light.  The  side  walls,  under  and  above  galleries, 
are  logical  places  at  which  to  locate  brackets  with  the  lamps 
grouped  on  the  fixtures.  The  front  of  the  gallery,  where  clere 
story  roof  is  not  used,  affords  a  good  place  for  lamps,  either 
studded  or  grouped.  In  this  case,  supplementary  lighting  will  be 
found  necessary  to  dispel  the  darkness  at  the  ceiling,  but  then  only 
in  sufficient  power  to  outline  the  roof  trusses,  etc.,  and  bring  out 
the  effect  of  the  mass  rather  than  the  detail. 

The  chancel  of  the  church,  with  its  altar,  its  reredos  and 
costly  and  beautiful  fittings,  requires  a  great  glow  of  diffused 
or  reflected  light,  rather  than  individual  lamps.  All  things  else 
in  a  church  are  tributary  to  the  altar.  It  is  the  very  centre  of  life, 
the  sun  at  high  meridian,  the  soul  of  the  entire  organism,  there- 
fore, all  lighting  outside  of  the  chancel,  which  contains  the  altar, 
should  be  subordinate  to  the  lighting  of  the  chancel.  Our  thought 
in  having  all  lamps  controlled  in  succession  is  to  accentuate  the 
effect  of  the  chancel  lighting.  For  instance,  the  church  just 
before  opening  services  should  be  light  and  inviting.  God  never 
intended  us  to  be  creatures  of  darkness.  The  full  burst  of  light 
in  the  chancel,  obtained  by  concealed  continuous  reflectors  with 
lamps  on  the  back  line  of  the  arch  and  jambs,  should  be  on,  and 
as  the  moment  for  service  approaches  certain  series  of  lamps  in 
the  church,  but  not  in  the  chancel,  should  be  gradually  cut  out, 
without  attracting  special  attention,  but  the  glory  of  the  light  in 
the  chancel  should  remain  through  the  entire  service.  These  sug- 
gestions may  be  well  enough  if  the  instructions  are  followed  by 
those  in  charge,  but  unfortunately  this  is  not  always  the  case. 

I  have  failed  to  see  in  any  of  the  standard  works  on  church 
architecture  any  special  discussion  on  the  lighting  of  churches, 
and  it  is  not  my  purpose  at  this  time  to  take  up  the  question  as 
to  how  to  arrive  at  the  proper  number  of  lamps  to  give  the  re- 
quired effect  in  church  work,  but  I  want  to  cite  an  instance  which 
may  argue  to  the  advantage  of  the  architect  and  the  illuminating 
engineer,  frequently  consulting  for  this  class  of  work. 
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Experience  in  lighting  of  churches  has  been  mostly  obtained 
by  observing  actual  effects  and  improving  the  arrangement,  if 
occasion  demand,  in  later  work.  We  must  have  obtained  ap- 
proximately the  proper  solution  of  the  lighting  problem,  as  the 
following  incident  will  show: 

Some  years  ago  we  laid  out  the  lighting  for  the  St.  Paul's 
Reformed  P.  E.  Church,  and  recently  we  asked  your  Mr.  Calvert 
to  supervise  the  electric  portion  for  us  in  a  church  which  has 
just  been  finished  and  is  similar  in  design  to  St.  Paul's.  It  may 
be  of  interest  to  you  to  note  the  proportions  existing  between  the 
two  churches : 

In  St.  Paul's  Church. 

I  lamp  to  740  cubic  feet. 

I  lamp  to     2,'j  square  feet. 
In  the  Chancel. 

I  lamp  to  135  cubic  feet. 

I  lamp  to      4  square  feet. 
Mr.  Calvert's  Figures. 

I  lamp  to  740  cubic  feet. 

I  lamp  to     30  square  feet. 
In  the  Chancel. 

I   lamp  to  152  cubic  feet. 

I  lamp  to       6  square  feet. 

In  some  churches  the  illumination  of  leaded  glass  windows 
at  night  to  give  effect  from  the  inside  can  be  done  with  pleasing 
results.  In  New  York  City  there  is  a  church  which  stands  on  a 
corner,  having  sunlight  on  one  side,  and  a  party-wall  on  the  other 
side.  The  architect  placed  leaded  glass  windows  on  the  party- 
wall  side  to  correspond  with  the  street  windows,  and  to  give  the 
effect  of  daylight  he  introduced  electric  lamps  concealed  in  the 
tracery  of  the  windows.  While  these  windows  on  the  party-wall 
side  are  illuminated  only  during  the  day,  there  is  no  reason  why 
if  the  same  scheme  is  followed  pleasing  interior  effects  cannot 
be  obtained  at  night,  if  the  leaded  glass  windows  are  illuminated. 
The  Renaissance  Mall  in  the  Masonic  Temple  is  an  illustration  of 
the  above  suggestion. 

The  illumination  of  factory  buildings  or  manufacturing 
plants  resolves  itself  into  a  commercial  proposition  rather  than 
one  calling  for  the  skill  of  the  architect.  Depending  upon  local 
requirements,  a  plant  may  be  lighted  with  high  efficiency  units 
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for  general  illumination  and  separate  lamps  be  provided  for  sep- 
arate pieces  of  machinery,  or  there  can  be  no  separate  lighting- 
for  machinery,  but  an  increased  general  illumination  which  will 
be  suitable  for  all  requirements. 

School-houses,  banking  institutions  and  buildings  of  public 
assembly,  etc.,  each  has  its  individual  requirements.  Theatres,, 
as  far  as  illumination  is  concerned,  are  as  a  world  unto  them- 
selves. We  look  for  the  aesthetic,  pleasing  details,  warm  bright 
coloring  and  all  that  appeal  to  the  enjoyment  of  mind,  and  noth- 
ing adds  so  much  to  that  enjoyment  as  liberal  decorative  illumi- 
nation. A  well-designed  church  is  not  dependent  for  its*  im- 
pressiveness  upon  decorative  or  ornamental  illumination,  but 
ihese  embellishments  add  essentially  to  the  pleasing  effects  of 
theatres. 

It  was  not  until  the  World's  Fair  at  Chicago  that  the  pos- 
sibilities of  exterior  decorative  illumination  were  appreciated,  and 
since  then  exterior  illumination  or  illumination  of  fair  or  exposi- 
tion buildings  has  been  one  of  the  features  strongly  emphasized. 
The  effects  are  made  possible  from  the  fact  that  the  buildings  in 
question  are  designed  mostly  along  good  classic  lines,  giving  to- 
the  illuminating  engineer  an  ideal  skeleton  upon  which  to  work. 
For  this  class  of  work  the  essential  or  major  structural  portions 
of  the  buildings,  and  not  the  lesser  projections,  should  be  illu- 
minated. 

If  possible,  the  reveals,  or  such  portions  of  the  building  in- 
dicative of  strength,  should  be  maintained.  If  an  arch  is  out- 
lined, don't  let  it  float,  but  outline  the  "reason"  for  the  arch.  If 
the  cornice  is  illuminated  arrange  for  reflected  light,  if  possible, 
to  show  the  projection  of  the  cornice,  rather  than  to  emphasize 
any  of  the  members  or  consoles  of  the  cornice,  and  if  the  roof 
is  pitched  and  is  a  part  of  the  design  of  the  building,  then  outline 
the  roof  so  as  to  convey  to  the  mind  the  proportion  of  the  build- 
ing as  seen  by  sunlight.  If  the  corners  and  principal  outlines  of 
the  building  are  illuminated  by  a  higher  candle  power  and  the 
details  and  lesser  parts  of  the  building  by  a  lower  candlepower, 
a  most  pleasing  effect  is  obtained. 

One  of  the  striking  features  of  the  illumination  at  the  James- 
town Exposition  was  the  strongly  marked  horizontal  lines  and 
the  absence  of  meaningless  festooning  of  strings  of  lamps. 
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A  knowledge  of  the  point  of  view  is  essential  for  proper 
illumination.  That  is,  if  the  building  is  located  on  a  narrow 
street  and  a  view  of  the  building  is  limited  to  the  width  of  the 
street,  the  lower  portion  of  the  building,  which  is  in  direct  line 
of  vision,  and  which  mostly  contains  more  details  than  the  upper 
portion  of  the  building,  should  be  illuminated  to  a  greater  degree, 
with  more  attention  paid  to  the  reflected  light  and  direct  lighting 
than  to  the  upper  portion  of  the  building,  where  direct  outlining 
will  usually  suffice.  But  if  the  building  is  located  at  a  fair  or 
exposition,  so  that  one  can  grasp  the  entire  building,  and  it  will 
be  viewed  at  close  quarters  as  well  as  at  a  distance,  then  the  whole 
structure  can  be  treated  and  studied  for  the  effect  of  direct  and 
reflected  lighting. 

It  was  well  worth  a  trip  to  Jamestown,  if  for  nothing  else, 
to  see  the  effect  of  the  illumination  at  close  range,  and  then  at  a 
distance.  As  the  darkness  of  the  evening  approached,  robbing 
the  buildings  of  their  finer  details  and  leaving  only  the  structural 
portions  in  evidence,  there  appeared  here  and  there  little  flashes 
of  light  like  the  sparks  from  a  white  hot  iron  under  the  blows 
of  the  blacksmith's  hammer.  The  flashes  continued  to  increase 
in  numbers  until  series  after  series  were  thrown  on,  and  the  seem- 
ing little  sparks  were  united  into  one  immense  fairy  chain  of  light, 
as  if  trying  to  tug  back  the  light  of  day.  When  the  electric  lamps, 
with  the  ever  watchful  searchlight  keeping  tab  on  the  thousands 
of  incandescent  lamps,  which  were  as  links  in  the  chain  of  illu- 
mination, lost  their  individuality  and  became  as  bands  of  light, 
the  details  of  the  building  vanished  and  there  was  nothing  left 
but  the  strong  structural  outlines  of  the  buildings  resting  appar- 
ently on  nothing  more  substantial  than  the  dancing  water,  we 
were  more  impressed  than  ever  with  the  very  satisfactory  results 
obtained  by  the  combined  efforts  of  the  architect,  who  knows  less 
of  electrical  illumination  and  more  of  architecture,  and  the  illu- 
minating engineer,  who  knows  more  of  illumination  and  less  of 
architecture. 


DISCUSSION  OF  MR.  CASTOR'S  PAPER  BY  THE  PHIL- 
ADELPHIA SECTION. 

M(f.  H.  Calvert. — The  illumination  of  churches  does  fre- 
quently present  serious  problems.  The  lamps  are  often  placed  co 
that  the  light  will  shine  directly  into  the  eyes  of  the  congregation 
in  the  main  body  of  the  churc'h,  and  also  into  the  eyes  of  the  au- 
dience in  the  galleries,  and  the  fixtures  from  the  ceiling  may  or 
may  not  be  in  the  line  of  vision  of  the  altar. 

In  the  church  referred  to  by  Mr.  Castor  a  row  of  lamps  was 
put  on  the  outer  edge  of  the  gallery.  The  illumination  was  de- 
termined entirely  on  the  basis  of  candle  feet,  and  it  was  purely 
a  coincidence  that  the  figures  as  to  the  number  of  lamps,  com- 
pared to  the  cubic  and  square  feet,  came  out  so  nearly  as  Mr. 
Castor  has  stated.  In  this  case  the  amount  of  illumination  re- 
quired in  the  main  body  of  the  church  was  calculated  to  be  in 
the  neighborhood  of  one  candle-foot  per  square  foot  of  illumi- 
nating surface. 

Mr.  Henry  D'Olier,  Jr. — One  of  the  most  peculiar 
propositions  in  dealing  with  church  lighting  relates  to  the  people 
who  worship  in  the  churches.  I  have  in  mind  one  place  where, 
after  the  chancel  of  the  church  was  well  flluminated  and  the 
chandelier  was  still  allowed  to  remain  for  test  purposes,  although 
four  laymen  out  of  five  who  witnessed  the  test  were  satisfied  with 
the  general  appearance  of  the  illumination  put  in,  they  were  still 
satisfied  with  the  gas  light  that  issued  from  the  chandelier.  When 
that  was  extinguished,  and  the  effect  of  the  concealed  lamps  was 
seen,  the  people  seemed  to  think  there  was  very  much  less  light, 
and  expressed  a  great  deal  of  dissatisfaction ;  upon  individual 
tests,  such  as  simply  reading  a  book  each  found,  much  to  his 
surprise,  that  there  was  much  more  light.  The  problem  of  con- 
vincing the  laymen  is  among  the  difficult  ones  to  be  met  in  church 
lighting. 

Mr.  E.  G.  Perrot  (of  Ballinger  &  Perrot,  architects)  : 
Architects  are  not  supposed  to  be  engineers  of  illumination,  and 
the  co-operation  of  the  illuminating  engineers  is  one  of  the  essen- 
tials in  carrying  out  their  schemes.  One  of  the  problems  to  be 
solved,  in  the  designing  of  structures,  is  the  lighting  of  churches 
with  nave  and  side  aisles.  The  proper  way  to  light  a  large  nave, 
in  my  opinion,  is  not  to  hang  a  chandelier  from  the  apex  of  the 
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arch,  but  to  arrange  side  lamps  on  the  walls-  of  the  cleristory,  or 
hang  chandeliers  from  the  sides  of  the  arch.  The  Notre  Dame 
at  Paris  is  lighted  in  this  way,  and  the  effect  of  the  vault  of  the 
main  nave  is  not  destroyed  by  a  row  of  chandeliers  down  the 
center  of  the  arch. 

In  a  certain  church  which  has  a  great  many  electric  lamps, 
a  grand  effect  is  produced  in  the  sanctuary  by  putting  lamps  at 
the  back  of  pilasters,  and  although  there  are  many  lamps  that 
can  be  seen,  the  side  lamps  are  not  visible.  At  the  arch  of  the 
door-way  that  is  enriched  with  a  small  portico,  there  is  a  tie  rod 
to  prevent,  the  arch  from  spreading.  The  central  part  of  this 
rod  is  ornamented  with  scroll  work,  or  a  lantern  is  placed  in  the 
center.  Instead  of  this  lantern  there  has  been  substituted  a  metal 
escutcheon,  at  the  back  of  which  is  a  reflector  and  a  bulb  so 
placed  as  to  throw  the  light  on  the  tympanum  of  the  doorway, 
which  is  enriched  with  an  inscription.  Persons  passing  the  build- 
ing will  not  see  the  bulb,  but  they  will  see  an  illuminated  door- 
way. This  same  scheme  can  be  applied  in  many  instances,  and 
I  consider  it  far  superior  to  the  method  of  employing  a  naked 
lamp. 

I  know  of  one  case  of  the  lighting  of  a  pulpit  where  the  de- 
sign unintentionally  resulted  in  the  formation  by  shadows  of  a 
Maltese  Cross  on  the  soffit  of  the  canopy.  To  throw  light  on 
the  preacher  lamps  were  placed  in  the  panels  in  such  a  way  that 
the  light  was  thrown  downwards,  thus  outlining  the  panels,  the 
shadows  forming  the  Maltese  Cross. 

Mr.  C.  W.  Pike. — You  may  prove  to  a  man  mathematically 
or  physiologically  that  he  does  not  want  to  have  glaring  light 
that  will  close  up  the  pupil  of  his  eye,  and  may  furnish  him  with 
a  lamp  equipped  with  a  shade  that  will  properly  diffuse  the  light 
and  permit  of  more  light  entering  his  eye  without  injury,  and 
make  him  see  things  better  than  he  did  before,  but  you  cannot 
always  make  him  believe  that  the  illumination  is  better  than  what 
he  had  previously.  In  one  case  arc  lamps  were  well  placed  and 
provided  with  prismatic  shades  giving  better  effect  than  the 
lamps  previously  there,  and  yet  the  owner  decided  to  employ  the 
old  methods. 

One  thing  which  might  well  be  introduced  into  church  light- 
ing is  dimmer  lamps.  There  is  a  distinct  mental  strain  from  a 
sudden  illumination  in  a  room,  and  if  one  is  at  all  nervous  he 
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will  feel  himself  jump  when  the  light  is  suddenly  increased  or 
diminished.  There  is  no  doubt  that  when  subdued  effects  are 
produced  the  effect  on  the  audience  is  marked.  Those  of  you 
who  have  been  in  Catholic  churches  and  in  great  cathedrals  have 
noticed  what  a  feature  is  made  in  certain  portions  of  the  services 
in  lighting  the  altar  with  candles. 

A  great  many  of  the  troubles  that  are  noticeable  in  the  light- 
ing of  both  old  and  new  buildings  could  be  avoided  if  the  lighting 
part  of  it  were  taken  up  at  an  earlier  stage.  In  my  experience 
the  lighting  is  generally  the  last  thing  taken  up.  The  design  is 
made,  the  building  is  constructed,  and  at  the  last  moment  some 
fixtures  are  obtained  in  the  selection  of  which  the  owner  unfor- 
tunately takes  an  important  part,  and  he  generally  goes  to  the 
warehouse  of  the  fixture  manufacturer  and  selects  fixtures  which 
Avill  suit  him  and  his  wife  and  his  grown-up  daughter.  His  se- 
lection may  not  be  appropriate,  and  the  placing  of  the  fixtures 
Tuay  not  suit  the  room.  The  lighting  equipment  of  the  rooms 
should  be  selected  just  as  soon  as  the  decorative  scheme  of  the 
rooms  has  been  decided  upon,  and  having  ascertained  the  quan- 
tity of  light  necessary  it  should  be  easy  to  determine  where  the 
outlets  are  to  be  located.  The  fact  remains  that  they  are  not 
usually  so  determined.  It  is  not  usually  the  fault  of  the  architect, 
but  of  the  owner,  who  will  not  consider  where  the  lamps  are 
to  be  put,  or  the  kind  of  fixtures  that  would  be  suitable  for  his 
building. 

Mr.  R.  L.  Lloyd. — It  is  very  objectionable  to  place  the 
lamps  in  the  range  of  vision  of  people  seated  in  a  church  gallery. 
However,  when  the  fixtures  are  fitted  with  extremely  heavy  glass, 
so  that  one  cannot  see  the  outline  of  the  lamps  inside,  and  yet 
they  are  put  up  in  such  numbers  that  the  light,  while  sufficient, 
is  not  at  all  hard  on  the  eyes  of  that  portion  of  the  congregation 
upstairs-,  the  proper  results  can  be  obtained. 

Mr.  Robert  C.  Ely. — It  seems  almost  essential  to  sus- 
pend fixtures  from  the  ceiling  of  a  church  to  give  sufficient  light 
economically.  It  is  almost  impossible  to  light  a  church  sufficiently 
with  side-bracket  lamps.  In  one  case  good  results  were  obtained 
"by  suspending  the  fixtures  from  the  ceiling,  and  using  a  line  of 
lamps  on  the  face  of  the  balcony  on  brackets  high  enough  to 
give  sufficient  light  over  the  sides  and  rear.  It  would  have  been 
twice  as  expensive  to  illuminate  that  church  from  the  lamps  in 
cornices. 


THE   RELATION    OF    ILLUMINATING   ENGINEERING 
TO  ARCHITECTURE,  FROM  THE  ENGINEER'S 

STANDPOINT* 


By  E.  L.  Elliott,,  Member. 


According  to  the  most  plausible  theory  of  man's  descent,  the 
original  "family  tree"  of  the  whole  human  race  actually  stood  in 
tlie  forest,  and  our  common  ancestors  disported  themselves 
among  its  branches,  instead  of  merely  having  their  cards  attached,, 
as  represented  by  the  present  day  genealogists.  At  a  subsequent 
time  natural  caves  furnished  shelter  from  the  elements,  and  the 
too  familiar  attentions  of  the  larger  and  fiercer  animals.  As 
developing  intellect  began  to  give  primitive  man  the  ascendancy 
over  the  lower  orders  of  brutes,  he  began  to  construct  shelters  out 
of  stones  and  boughs.  These  shelters  were,  of  course,  the  work 
of  the  individual  dweller.  With  the  development  of  these  rude  shel- 
ters into  more  elaborate  dwellings,  their  construction  enlisted  the 
co-operation  of  a  number  of  individuals.  Co-operation  invariably 
requires  leadership.  Where  the  work  of  more  than  one  individual 
is  directed  to  a  common  end,  there  must  be  a  director.  Thus,, 
in  the  evolution  of  building,  there  came  a  time  in  its  very  early 
stages  when  a  master-builder  was  a  necessity.  The  word  ''Archi- 
tect" is  merely  the  Greek  equivalent  of  ''Master-builder." 

The  fundamental  purpose  of  the  architect  is  thus  disclosed ;. 
namely,  to  plan  and  direct  the  construction  of  a  building  so  that 
as  a  whole  it  shall  fulfill  all  the  purposes  for  which  it  is  intended. 
Herbert  Spencer  has  shown  that  the  aesthetic  instinct  took  prece- 
dence over  the  desire  for  protection  in  the  evolution  of  dress ;  and 
while  the  same  law  can  probably  not  be  shown  in  the  evolution 
of  building,  it  is  certainly  true  that  the  desire  to  decorate  was 
^  ery  nearly  contemporaneous  with  the  ability  to  build.  Thus,, 
almost  from  the  beginning,  building  involved  two  theoretically 
distinct  elements ;  namely,  Utility  and  Beauty.  These  two  ele- 
ments, however,  were  practically  connected ;  and  thus  the  architect 
became  not  only  the  mere  director  of  labor,  but  the  originator  and 
arbiter  of  art  as  applied  to  building. 


*  Read  before  tlie  New  York  Section  March  12, 1908. 
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In  the  advance  of  civilization  it  came  about  that  structures  were 
frequently  erected  in  which  the  artistic  or  aesthetic  elements  pre- 
dominated. Such  buildings  were  intimately  connected  with  the 
religion  of  the  time,  or  with  the  government,  or  with  both,  which 
were  generally  closely  allied.  The  aesthetic  effect  served  an  im- 
portant purpose  in  impressing  the  people  with  the  authority  of 
their  government  and  religious  institutions.  The  few  remaining 
portions  of  early  structures  of  this  kind,  together  with  contem- 
poraneous descriptions  and  other  evidences,  show  that,  in  point 
of  grandeur  and  beauty  of  conception,  and  even  in  the  manual 
skill  of  execution,  many  of  these  structures  have  never  been  sur- 
passed. They  were  wonderful  embodiments  of  the  highest  degree 
of  artistic  taste  and  originality,  coupled  with  the  lowest  form  of 
liuman  labor.  Massive  blocks  of  stone  were  quarried  and  hauled 
long  distances,  and  fitted  into  their  prescribed  places  with  con- 
summate skill,  so  far  as  the  actual  results  were  concerned ;  but 
this  was  accomplished  with  a  total  disregard  of  human  life.  An 
outline  drawing  found  on  an  ancient  ruin  shows  a  huge  block 
of  stone,  with  scores  of  men  pulling  it  along  on  a  prepared  track 
by  means  of  ropes,  while  a  single  individual  sits  on  the  front  of 
the  block  pouring  grease  upon  the  slide-way.  Neither  time  nor 
human  life  spent  in  this  unspeakable  drudgery  were  considered. 

The  substitution  of  the  force  of  nature  for  the  mere 
brute  force  of  the  human  muscles  is  an  entirely  modern 
achievement.  The  utilization  of  natural  forces  to  ac- 
complish what  had  hitherto  required  the  muscular  power 
of  human  beings  is  the  foundation  of  modern  engineering. 
Where  the  ancients  piled  one  stone  upon  another,  producing  a 
result  which  in  itself  was  grand  and  beautiful,  but  which  required 
centuries  of  labor  and  the  waste  of  innumerable  human  lives, 
modern  civilization  accomplishes  equally  great  results  within  the 
space  of  months  or  days,  and  with  no  greater  expenditure  of 
brute  force  than  the  workman  may  exert  in  carrying  his  full 
dinner  pail :  that  is  engineering.  Strictly  speaking,  there  are  no 
remnants  of  any  ancient  structures  which  show  the  application 
of  true  engineering  principles ;  for  engineering  implies  not  only 
the  achievement  of  results  with  the  minimum  of  material  and 
labor,  but  a  degree  of  classified  knowledge  which  enables  the  en- 
gineer to  predetermine  accurately  the  amount  of  any  given 
material,  and  the  form  necessary  for  it  to  take  in  order  to  secure 
these  results.     Such  knowledge  belongs  only  to  modern  science. 
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What  we  term  "modern  civilization"  is  characterized  by  its 
extreme  complexity  as  compared  with  ancient  civilization;  and 
this  complexity  is  largely  the  result  of  a  vastly  greater  knowledge 
of  natural   phenomena.      In   a   single   century   we   have   learned 
more  of  the  workings  of  nature  than  had  been  found  out  in  the 
entire  previous   existence  of  mankind.     The   result  of  this  has 
been  twofold:  It  has  transformed  the  large  majority  of  human 
beings  from  mere  engines  of  force  into  sentient  creatures,  who 
are  thereby  free  to  develop  those  mental  powers  which  lift  them 
above  the  animals ;  and  as  a  direct  consequence  of  this  emancipa- 
tion, the  human  family  is  on  a  vastly  higher  plane  of  intelligence 
and   general   happiness.      Let  those   who   are   disposed   to   exalt 
the    glories    of   ancient   times,    as    shadowed    forth    in    the   few 
sublime  efforts  of  human  intelligence  shown  in  ancient  writings 
and  religious  temples,  be  reminded  that  what  we  to-day  are  so 
fond  of  calling  the  ''common  people"  were  in  those  past  times 
brute  laborers  held  in  hopeless  and  degrading  servitude.    And  let 
those  who  are  disposed  to  cavil  at  the  "materialism"  of  modern 
science  be  admonished  that  it  is  owing  to  the  scientist  and  engin- 
eer, "materialist"  though  he  may  be,  that  every  individual  to-day 
is  free  to  work  out  his  own  destiny. 

Even  admitting  that  we  have  less  commanding  geniuses  in 
the  field  of  art  and  architecture  than  may  have  existed  in  the 
palmiest  days  of  Greece  and  Rome,  it  is  indisputable  that  the  total 
amount  of  artistic  appreciation  among  the  masses  of  people  is 
incomparably  greater ;  and  it  is  the  scientist,  the  engineer,  that 
has  brought  this  about. 

This  preamble  may  perhaps  seem  far  from  the  topic  pro- 
posed for  discussion  in  this  paper ;  but  it  is  always  well  to  begin 
with  fundamentals.  Furthermore,  there  is  still  a  very  considerable 
degree  of  feeling,  among  modern  architects  that  the  engineer  and 
all  his  works  are  of  the  earth  earthy,  and  constitute  a  sort  of  neces- 
sary defilement  of  the  rarified  spiritual  atmosphere  in  which  they 
should  by  rights  dwell.  This  condition  was  more  forcibly  than 
elegantly  expressed  by  an  architect,  who  said  of  a  client  who 
insisted  upon  arguing  from  the  utilitarian  standpoint,  "He  talks 

like  a engineer."     It  is  a  matter  of  record  that  the  architect 

has  occasionally  so  far  lost  sight  of  this  lower  utilitarian  plane 
as  to  omit  such  trifling  utilities  as  stairways ;  and  as  the  unap- 
|;rcciative  client  climbed  to  his  bed  room  on  a  ladder  placed  on 
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the  outside,  we  may  well  imagine  his  consigning  the  architect 
to  those  same  regions  to  which  the  architect  wished  to  send 
the  too  materialistic  engineer. 

Ancient  and  modern  civilizations  have  scarcely  a  single  im- 
portant element  in  common,  barring  the  elemental  human  pas- 
sions, which  never  change.  There  is  scarcely  a  phase  of  life 
which  is  not  essentially  different  to-day  from  what  it  was  in 
ancient  or  mediaeval  times ;  and  this  radical  difference  is,  and  by 
rights  ought  to  be,  exemplified  in  modern  building.  In  Greece 
a  philosopher  gathered  such  people  as  had  the  time  and  dispo- 
sition to  hear  him  beneath  the  shade  of  a  tree,  and  expounded 
his  doctrines.  The  modern  counterpart  of  this  is  the  University, 
with  its  millions  of  dollars  worth  of  buildings  and  equipment, 
its  thousands  of  students,  and  its  hundred  of  instructors  and 
professors.  In  place  of  the  parchment  scroll  we  have  the  daily 
newspaper,  produced  at  the  rate  of  several  thousand  complete 
copies  a  minute.  These  two  instances  give  a  fair  measure  of  the 
all  but  infinite  space  between  the  old  and  the  new.  And  yet 
the  modern  architect  seems  to  have  but  one  anchorage  in  which 
he  has  implicit  faith,  and  that  is  his  veneration  for  antiquity ;  when 
he  casts  loose  from  this  he  drifts  and  tosses  about,  and  knows 
not  whither  to  direct  his  course.  He  dare  not  discard  the  parch- 
ment scroll,  but  would  have  it  printed  on  a  rotary  press.  Ap- 
preciating the  simple  beauty  of  the  monolithic  column,  he  strives 
to  attain  it  with  steel  beams,  hollow  brick,  and  cement.  Inspired 
by  the  majesty  of  the  gothic  arch,  he  reproduces  it  in  lath  and 
plaster. 

The  habit  of  clinging  to  past  forms  of  architectural  expres- 
sion is  not  infrequently  carried  to  the  point  where  it  becomes  ludi- 
crous. The  wind-swept  island  of  Great  Britain  naturally  de- 
veloped a  type  of  cottage  having  long  stretches  of  sloping  roof, 
designed  to  keep  the  whole  structure  as  near  to  the  ground  as 
possible.  As  this  developed  in  the  very  early  period  of  the  art 
of  glass  making,  the  windows  of  necessity  were  divided  into  a 
large  number  of  small  panes.  Incredible  as  it  may  seem,  one  of 
the  first  so-called  "sky-scrapers"  to  be  erected  in  New  York 
was  modeled  after  this  type  of  cottage.  The  building  is  still 
standing  at  No.  i  Broadway,  and  has  the  distinction  of  being  the 
only  "Queen  Anne"  offfce  building  in  the  metropolis..  On  the 
other  hand,  the  pointed  arch,  the  succession  of  long  vertical  lines, 
and  the  versatility  of  adornment,  which  are  the  basis  of  gothic  ar- 
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chitecture,  and  which  would  lend  themselves  to  modern  building^ 
with  comparatively  little  violence  to  the  original  spirit  of  concep- 
tion, have  been  only  recently  attempted,  and  then  only  in  a  timid 
and  half-hearted  manner.  But  even  this  one  cautious  attempt  has 
resulted  in  the  most  beautiful  facade  of  any  office  building  in  the 
citv,  as  will  be  seen  by  observing  the  Trinity  Building  from  the 
south. 

Eliminate  the  features  borrowed  from  ancient  and  mediaeval 
buildings  and  what  have  we  left  to  represent  modern  architecture? 
In  public  structures,  only  what  is  often  well  expressed  as  the 
"dry  goods  box"  type,  of  which  examples  are  too  numerous  to 
mention ;  and  in  private  residences,  what  Lawson  has  pictur- 
esquely characterized  as  ''pastry  cook's  nightmare,  in  bronze 
and  marble." 

The  simple  truth  is  that  modern  civilization  has  not  yet 
expressed  itself  in  architecture.  Were  our  nation  to  be  suddenly 
blotted  out  to-day,  the  structures  which  would  most  adequately 
portrays  its  habits  of  life  and  planes  of  thought  would  be  our 
engineering  works — our  bridges  and  tunnels,  our  railways,  mills 
and  factories.  In  point  of  beauty  some  of  our  modern  bridges 
may  be  put  along  with  any  architectural  structure  of  antiquity. 
True,  the  beauty  is  of  quite  a  different  type ;  but  so  was  beauty 
of  person  of  a  different  type  in  ancient  times. 

Reduced  to  its  lowest  terms,  the  business  of  the  engineer  is 
to  produce  a  given  physical  result  with  the  minimum  of  material 
and  labor;  and  the  justification  for  his  vocation  must  be  found 
in  the  extent  to  which  he  can  accomplish  this  end.  Emerson  has 
defined  beauty,  taken,  of  course,  in  its  physical  or  material  sense, 
as  "that  which  has  no  superfluous  parts,  which  exactly  fulfills 
its  purpose."  In  following  this  definition  the  work  of  the  en- 
gineer is  beautiful  to  exactly  the  degree  that  it  is  efficiently  done. 
Broadly  speaking,  the  modern  building  is  simply  an  aggregation 
of  utilities.  With  very  few  exceptions  it  is  simply  a  part  of  a 
vast  machine ;  a  machine  being  properly  defined  as  any  device 
which  enables  man  to  accomplish  more  or  better  work  than  he 
could  do  without  it.  Apply  this  at  random  and  see  how  well  it 
fits.  The  factory  building  exists  because  it  enables  work  to  be 
done  that  could  not  be  done  at  all  in  the  dwelling,  or  that  can  be 
done  to  better  advantage ;  and  it  is  as  much  a  fundamental  part 
of  the  apparatus  for  producing  the  particular  articles  made  as  is 
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the  engine  or  machinery.  So  the  office  building  is  merely  a  de- 
vice by  which  the  various  operations  of  accounting  and  commu- 
nication can  be  efficiently  carried  on ;  and  so  with  the  store,  the 
school  house,  and  to  a  large  extent,  even  the  dwelling.  Almost 
the  single  exception  is  the  church ;  and  this,  from  being  almost 
the  only  form  of  public  building,  has  become  a  comparatively 
infrequent  and  inconspicuous  structure. 

Building  to-day  has,  therefore,  become  almost  entirely  an 
engineering  problem ;  and  with  the  vast  increase  in  the  com- 
plexity of  life  which  characterizes  modern  civilization,  has  arisen 
the  necessity  of  subdividing  the  general  problem  of  construction 
into  a  number  of  distinct  branches.  Among  these  are  the  purely 
mechanical  construction,  which  has  given  rise  to  structural  en- 
gineering; methods  of  heating  and  ventilating,  with  its  special 
engineering;  electrical  equipment,  with  its  electrical  engineering; 
provisions  for  sanitation,  with  its  sanitary  engineering ;  and  last- 
ly, the  necessities  for  artificial  illumination,  demanding  illumi- 
Tiating  engineering.  All  but  the  last  mentioned  of  these  special 
branches  of  engineering  have  gradually  been  necessitated  in  the 
evolution  of  building,  and  have  been  accepted  by  both  architect 
and  client.  It  is  only  the  last  that  is  still  to  some  extent  in  the 
•undeveloped  state. 

Accepting  the  formula  already  given  as  to  the  general  field 
of  engineering,  we  arrive  at  the  fundamental  proposition  that  the 
business  of  the  illuminating  engineer  is  to  produce  a  given  or 
required  result  of  illumination  at  the  minimum  outlay  for  the 
original  installation,  and  subsequent  maintenance  cost.  This 
leaves  one  highly  important  question  still  to  be  settled ;  namely, 
who  shall  determine  what  the  required  illumination  shall  be? 
Evidently  this  question  must  be  decided  jointly  or  separately  by 
the  three  parties  to  the  contract ;  namely,  the  owner  or  client,  the 
architect,  and  the  illuminating  engineer.  It  may  be  stated  with- 
<out  fear  of  serious  contradiction  that  the  owner  has  fully  met  his 
responsibility  in  the  premises  when  he  has  clearly  set  forth  the 
-exact  uses  for  which  the  various  parts  of  the  structure  are  to  be 
put.  It  then  lies  between  the  architect  and  the  illuminating  en- 
gineer to  determine  what  the  best  illumination  for  each  and  every 
■particular  case  may  be.  As  between  these  two  parties,  the  greater 
economy  of  thought  and  labor  will  be  secured  by  placing  the 
responsibility  upon  the  illuminating  engineer.  To  determine 
just  what  manner  of  illumination  is  best  for  all  the  numerous 
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and  widely  varying  conditions  of  modern  life  requires  an  extent 
of  technical  knowledge,  and  a  breadth  of  experience  which  the 
architect  may  very  appropriately  and  wisely  avoid,  providing  the 
results  can  be  obtained  from  other  sources.  It  is  simply  a  matter 
of  division  of  labor  and  economy  of  human  effort.  Modern- 
civilization  demands  that  the  individual  shall  be  able  to  do  some 
one  thing  completely  and  well,  and  shall  not  spend  his  time  in 
doing  things  which  he  can  only  do  indifferently,  and  which  others 
can  do  more  efficiently. 

Benjamin  Franklin  used  to  set  his  own  writings  in  type,  put 
them  in  the  press,  and  take  a  hand  in  running  off  the  printed 
sheets ;  and  even  Horace  Greeley  was  in  the  habit  of  going  to 
the  cases  and  setting  up  his  own  editorial  in  his  early  days ;  but 
this  was  not  true  economv  of  human  effort.  There  was  manv  a 
one  who  would  have  been  glad  of  the  job  of  setting  the  type,. 
whose  written  productions  would  have  been  of  infinitesimal  value. 
Surely  the  architect  of  to-day  has  a  sufficiently  wide  and  digni- 
fied field  for  his  labor  in  the  legitimate  work  of  unifying  and 
harmonizing  all  the  diversified  elements  that  enter  into  a  building, 
without  bothering  his  head  about  the  infinite  details  of  these- 
different  elements. 

The  advent  of  the  illuminating  engineer  as  a  specialist  should 
be  hailed  with  greater  delight  and  relief  by  the  architect  than 
by  any  other  member  of  the  community.  Having  satisfied  him- 
self of  the  competency  of  the  illuminating  engineer,  just  as  he 
would  satisfy  himself  of  the  competency  of  the  electrical,  or  con- 
struction engineer,  the  architect  can  turn  over  the  plans  of  the 
building,  with  the  specifications  of  the  use  or  uses  to  which  it 
is  to  be  put,  and  probably  also  a  statement  of  the  illuminant  tO' 
be  used,  and  leave  the  entire  technical  problem  to  the  illuminat- 
ing engineer.  On  the  other  hand,  the  illuminating  engineer  must 
have  authority  commensurate  with  his  responsibility.  The  archi- 
tect would  not  think  of  arbitrarily  changing  the  specifications  of 
a  structural  engineer  without  his  full  consent,  and  for  the  same 
reason  the  plans  of  the  illuminating  engineer  should  be  equally 
respected. 

There  is  one  difference,  however,  between  these  two  branches 
of  engineering  as  connected  with  building;  the  skeleton  of  a  build- 
ing, which  is  the  work  of  the  structural  engineer,  is  hidden  when 
the  work  is  completed ;  but  the  apparatus  especially  connected 
with  the  illumination  is  not  only  in  plain  view,  but  so  conspicu- 
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ously  in  sight  as  to  form  one  of  the  necessary  elements  in  the 
artistic  whole.  This  phase  of  the  problem  of  illumination 
therefore,  falls  within  the  legitimate  province  of  the  architect. 
There  is  clearly  but  one  solution  of  this  apparent  clash  of  au- 
thority, and  that  is  co-operation  between  the  architect  and  the 
engineer.  The  engineer  demands  a  certain  physical  result;  the 
architect  demands  certain  structural  features  or  conditions  in 
order  to  produce  the  general  harmony  of  result  which  it  is  his 
business  to  secure:  how  shall  these  two  demands  be  reconciled? 
Evidently  there  will  be  a  large  number  of  cases  in  which  no  re- 
conciliation will  be  necessary ;  all  that  is  required  will  be  such  a 
versatility  on  the  part  of  the  engineer  that  he  can  design  the 
physical  part  of  the  installation  so  that  it  will  produce  both  the 
physical  and  artistic  results  demanded.  It  is  conceivable,  how- 
ever, that  cases  may  arise  in  which  the  artistic  conditions  re- 
quired by  the  architect  can  be  secured  only  at  a  greater  or  less 
sacrifice  in  economy :  the  decision  then  very  clearly  rests  with 
the  client.  The  possibility  also  still  remains  of  the  architect 
specifying  certain  conditions  which  he  considers  essential  from 
the  artistic  standpoint,  but  which  the  engineer  deems  not  only 
uneconomical,  but  positively  detrimental  in  point  of  the  resulting 
illumination :  who  then  shall  decide  ?  In  this  as  in  all  other 
cases,  the  client  is  the  court  of  last  resort,  on  the  generally  ac- 
cepted theory  that  he  who  buys  an  article  has  a  right  to  dictate 
as  to  its  character.  If  a  man  chooses  to  work  by  light  which  is 
dangerous  to  his  eyes,  or  is  ill-suited  to  the  purpose  for  which 
the  illumination  is  required,  for  the  sake  of  the  supposed  artistic 
eflPect,  he  can  hardly  be  denied  his  right  to  such  a  course,  how- 
ever foolish  it  may  seem  to  the  engineer.  Such  cases,  however, 
are  hardly  likely  to  occur  under  proper  conditions.  There  are 
few  persons  who  would  willingly  subject  their  eyes  to  a  danger- 
ous strain,  or  handicap  the  efforts  of  themselves  or  their  em- 
ployes by  bad  light  after  having  been  duly  warned. 

Since  the  larger  proportion  of  buildings  at  the  present  time 
are  predominantly  utilitarian,  there  is  extremely  little  oppor- 
tunity for  any  disagreement  between  the  illuminating  engineer 
and  the  architect.  In  all  this  large  majority  of  buildings  the 
general  artistic  talent  of  the  illuminating  engineer  should  be  suffi- 
cient to  avoid  such  breaches  of  taste  as  would  be  objectionable. 
This  class  of  building  includes  factories  of  every  description, 
office  buildings,  school  houses,  and  the  larger  portions  of  hotels 
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and  public  buildings.  In  the  case  of  a  large  number  of  resi- 
dences the  illuminating  engineer  should  also  be  competent  to 
lay  out,  or  pass  upon  every  feature  of  the  installation.  There 
remain  then  only  the  more  pretentious  class  of  dwelling  house.^, 
churches,  theatres,  and  to  a  partial  extent  libraries  and  public 
buildings,  in  which  co-operation  of  engineer  and  architect  is 
essential.  In  these  cases  the  artistic  features  of  the  lighting  in- 
stallation are  of  such  importance  as  properly  and  justly  to  de- 
mand the  attention  of  the  architect.  However,  while  the  archi- 
tect is  properly  the  arbiter  in  such  cases  as  to  the  artistic  side 
of  the  problem,  the  services  of  the  illuminating  engineer  are  no 
less  valuable  than  in  the  other  cases.  Let  it  be  clearly  under- 
stood that  art  as  applied  to  architecture  does  not  exist  for  its 
own  sake,  but  is  only  directed  to  the  embellishment  of  the  neces- 
sary and  essential  physical  features  of  the  building.  Good  decora- 
tive art  is  not  only  compatible  with  an  efficient  physical  result, 
but  can  be  considered  of  the  highest  order  only  when  it  conforms 
to  good  mechanics — in  fact,  decorative  art  rests  upon  a  purely 
scientific  basis. 

A  careful  analysis  of  the  respective  provinces  of  the  illu- 
minating engineer  and  the  architect,  therefore,  discloses  no  more 
ground  for  mutual  disagreement  and  distrust  than  between  the 
architect  and  any  other  engineering  specialist.  The  passive  or 
active  antipathy  which  has  thus  far  existed  to  a  greater  or  less 
extent  on  the  part  of  the  architect  toward  illuminating  engineer- 
ing, appears  to  be  wholly  unjustifiable ;  and  it  may  be  worth  while 
to  seek  the  reasons  for  this  apparently  groundless  opposition. 
The  most  obvious  cause  of  this  feeling  may  undoubtedly  be 
found  in  the  fact  that  the  illuminating  engineer  has  thus  far  been 
to  a  large  extent  a  reformer;  in  fact,  the  very  existence  of  his 
profession  may  be  directly  traced  to  the  prevalence  of  bad  prac- 
tice in  the  use  of  light.  The  faults  of  illuminating  installations 
as  designed  under  past  conditions  at  last  became  so  numerous 
and  so  obvious  that  there  arose  a  demand  for  reform.  It  was 
hardly  to  be  expected  that  those  who  had  perpetrated  the  out- 
rages would  themselves  turn  about  and  reform  their  own  works. 
The  reform  had  to  be  through  the  agency  of  independent  individ- 
uals who  had  made  a  particular  study  of  the  special  conditions 
needing  the  reform.  It  is  also  to  be  expected  that  those  responsible 
for  malpractice  will  defend  themselves  and  their  works  with  all 
their  energy,  until  they  are  convinced  of  the  futility  of  such  a 


ELLIOTT  :     ILLUMINATING    ENGINEERING    AND    ARCHITECTURE       289 

course.  The  work  of  the  illuminating  engineer  thus  far  has,  there- 
fore, been  necessarily  directed  to  a  large  extent  toward  pointing 
out  the  faults  of  the  prevailing  practice.  Such  a  course  is  by  no 
means  the  most  agreeable  of  tasks,  but  is  a  necessary  preliminary 
to  better  work  in  the  future ;  and  the  illuminating  engineer  must 
not  shrink  from  this  task  until  the  absolute  soundness  of  his 
contention  has  been  universally  recognized. 

In  most  cases  the  sins  of  the  architect  have  been  rather  of 
omission  than  commission.  With  the  increasing  demands  upon 
his  attention  from  the  growing  complexity  of  building,  he  has 
given  less  and  less  attention  to  details,  and  seemingly  the  least 
attention  of  all  to  the  extremely  important  matter  of  artificial 
illumination.  Lighting  systems  have  been  put  in  either  without 
I  lie  slightest  regard  to  the  scientific  principles  involved,  or  at 
best  with  the  aid  of  a  few  rule-of-thumb  formulas  which  were  as 
apt  to  produce  faults  as  anything  else.  Only  the  greater  ignor- 
ance of  the  client  has  prevented  an  earlier  upheaval.  Were  pro- 
portionately serious  mistakes  made  in  other  points  of  construc- 
tion, there  is  scarcely  one  building  out  of  ten  that  would  be  ac- 
cepted by  the  owner  when  completed.  What  would  one  say, 
for  example,  on  learning  that  the  heating  apparatus  in  his  build- 
ing was  wasting  25  per  cent,  or  even  50  per  cent,  of  the  fuel? 
And  yet  such  losses  in  light  are  by  no  means  uncommon. 

Perhaps  from  a  natural  inclination  to  avoid  details,  the  archi- 
tect has  very  frequently  delegated  his  duties  to  the  fixture  manu- 
facturer, with  the  result  always  to  be  expected  when  the  blind 
leads  the  blind — namely,  that  they  have  both  fallen.  The  sins  of 
omission  committed  by  the  architect  were  even  surpassed  by  the 
sins  of  commission  committed  by  the  fixture  maker.  Where  the 
architect  specified  a  number  of  light-sources,  figuring  in  a  vague 
way  on  the  illumination  which  they  would  produce  if  unob- 
structed, the  fixture  manufacturer  has  perhaps  reduced  the  illu- 
mination to  one-half  by  the  accessories  and  construction  used. 
It  is  quite  to  be  expected,  therefore,  that  the  fixture  manufacturer 
should  not  welcome  the  illuminating  engineer  with  open  arms. 
It  is  bad  enough  to  have  one's  faults  baldly  pointed  out ;  but 
when  such  faults  have  been  an  important  source  of  revenue,  the 
sting  is  so  much  the  keener  ;  and  there  is  no  denying  the  fact  that 
a  very  considerable  part  of  the  faults  of  lighting  fixtures  are 
directly  traceable  to  a  desire  for  profit. 

Recently  a  lighting  installation  in  a  public  building  caused 
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a  political  scandal,  owing  primarily  to  the  discovery  of  the  fact 
that  the  fixtures  had  been  sold  to  the  State  by  the  pound;  or 
more  properly  speaking,  by  the  ton.  But  it  was  rather  the  fact 
that  the  interested  parties  had  overreached  themselves,  than  in 
the  method  of  computing  values,  that  constituted  the  novelty  of 
the  crime.  As  a  matter  of  actual  fact,  there  are  any  number  of 
cases  in  which  the  real  or  apparent  weight  is  the  actual  basis 
of  value.  Look  at  any  fixture  you  please,  and  judge  for  yourself 
how  much  of  the  metal  work  is  essential,  and  how  much  is  a 
mere  excrescence  hanging  on  in  the  name  of  art,  but  having  its 
true  motive  in  the  pocketbook.  It  is  the  existence  of  this  condi- 
tion of  affairs  that  has  made  it  necessary  for  the  illuminating 
engineer  to  give  a  greater  consideration  to  the  artistic  side  of 
their  subject  than  ideal  conditions  would  require  or  justify; 
and  so  long  as  the  condition  prevails   their  efforts  must  continue. 

The  architect  has  had  the  reins  from  the  beginning  of  hist<')ry 
to  the  present  time,  and  must  be  held  wholly  responsible  for  the 
results.  If  these  are  faulty,  there  need  be  no  hedging  on  nice 
distinctions  as  to  exactly  whose  duty  it  may  be  to  institute  the 
reform.    The  reformer  is  justified  by  his  works. 

The  principal  point  in  dispute  thus  far  between  the  illumi- 
nating engineer  and  the  architect  seems  to  be  a  question  of  juris- 
diction. The  architect  has  been  comparatively  ready  to  adtT'it 
the  authority  of  the  illuminating  engineer  in  regard  to  the  purely 
physical  and  economical  aspects  of  the  question,  but  has  denied 
his  authority  in  matters  pertaining  to  the  aesthetic  or  decorative 
features  involved.  The  engineer,  on  the  other  hand,  has  con- 
tended that  under  this  ruling  the  architect  can  practically  over- 
throw the  results  of  his  labor  by  setting  up  the  claim  of  aesthetic 
requirements.  On  the  general  principle  that  "he  who  seeks  equity 
must  come  with  clean  hands,"  the  illuminating  engineer  is  dis- 
posed to  hold  up  the  examples  of  architectural  aberrations,  which 
are  so  conspicuously  numerous,  as  an  answer  to  the  implied 
cliarge  that  he  is  incompetent  to  form  a  correct  judgment  in 
matters  of  art.  So  long  as  such  architectural  monstrosities  as> 
llie  New  York  Custom  House,  for  example,  continue  to  obtrude 
themselves  on  a  helpless  public,  illuminating  engineers  will  not 
be  disposed  to  yield  too  readily  to  assumptions  of  artistic  superi- 
ority on  the  part  of  architects. 

Since  illuminating  engineering  involves  questions  of  decora- 
tive art  there  is  no  reason  why  the  illuminating  engineer  should 
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not  make  a  sufficient  study  of  this  side  of  his  profession  to  become 
an  adept.  The  principles  of  art  as  applied  to  architecture  are 
within  the  grasp  of  any  intelligent  person  having  a  reasonable 
amount  of  native  appreciation,  and  there  is  no  more  reason  why 
the  illuminating  engineer  should  not  master  these  principles,  at 
least  so  far  as  they  affect  his  profession,  than  there  is  for  the 
architect  not  acquiring  the  general  principles  of  structural  en- 
gineering. 

Whatever  his  incompetency  may  be  in  regard  to  the  purely 
artistic  side  of  the  question,  there  is  one  invaluable  result  that 
is  sure  to  follow  the  agitation  that  has  been  set  up,  and  that  is  a 
greater  amount  of  attention  on  the  part  of  both  professional  and 
layman  to  the  subject  of  illumination.  The  results  in  this  regard 
are  already  apparent.  The  very  first  essential  to  reform  is  to  dis- 
cover the  need  of  it,  and  until  this  discovery  is  made  and  accepted 
by  a  sufficient  number  of  the  people  it  is  useless  to  look  for  im- 
provement. The  fact  that  the  former  prevailing  practice  in 
lighting  had  numerous  and  grievous  faults  is  becoming  pretty 
generally  known,  and  as  a  direct  result  of  this  knowledge  a 
demand  for  better  methods  is  making  itself  felt.  Let  us  welcome 
the  results,  and  be  duly  grateful  to  the  agencies  through  which 
they  were  brought  about. 


DISCUSSION    OF    MR.    ELLIOTT'S    PAPER    BY   THE 
NEW  YORK   SECTION. 

Mr.  Bassett  Jones,  Jr. — If  the  illuminating  engineer  is  tO' 
raise  himself  to  the  station  he  hopes  to  attain  he  must  stop 
pluming  himself  on  his  ''good  taste"  and  get  to  work  learning 
what  good  taste  is.  He  must  create  his  own  aesthetic  environ- 
ment— study  his  architecture  and  become  familiar  with  the  fine- 
arts.  For  beauty  is  the  same  all  the  world  over,  and  its  highest 
form  is  not  found  in  practical  application  but  in  the  abstract. 

The  author  strives  to  narrow  the  field  of  beauty  to  the  limits 
of  mechanical  construction,  which  is,  perhaps,  natural  and,  from 
his  point  of  view,  inevitable.  This  is  a  mechanical  age.  We  think 
and  live  in  an  atmosphere  redolent  with  the  odor  of  engine  oil,, 
so  that  art,  which  must  be  expressive  of  the  ideals  of  its  age,, 
tends  to  assume  a  spirit  of  nervous  activity  ;  in  other  words,  it 
becomes  "busy."     It  tends  to  lose  that  element  of  repose  which 
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has  been  considered  one  of  its  most  desirable  attributes,  and  so 
perhaps  takes  one  more  step  in  that  downward  movement  which 
began  with  the  decHne  of  the  Renaissance.  This  "busyness,"  this 
appearance  of  mediocre  subjects  so  evidently  bent  upon  a  purpose, 
this  fussyness  and  insignificance,  should  be  a  warning  to  us,  for 
our  appreciation  is  distracted  by  this  very  purposiveness,  and  the 
actual  elements  of  beauty  in  the  composition  fail  in  sensuous  ap- 
peal without  which  beauty  cannot  be  said  to  exist. 

Objects  of  practical  utility,  such  as  lighting  fixtures,  in  so 
far  as  they  claim  to  be  within  the  realms  of  beauty,  make  two 
demands  upon  our  attention:  (i)  That  they  actually  do  what  is 
demanded  of  them  as  lighting  fixtures — that  they  fulfill  a  prac- 
tical purpose ;  and  (2)  that  they  achieve  this  end  in  a  smooth  and 
harmonious  manner.  A  straight  gas  jet  of  plain  pipe,  efficient  in 
mechanical  design  and  construction,  can  give  light  just  as  readily, 
and  with  as  much  if  not  more  economy  of  energy  than  the  most 
elaborate  French  fixture.  It  absolutely  fulfills  the  demands  of 
practical  utility  and  economy,  yet  it  will  probably  be  ugly  to  a 
degree,  and  its  annoyance  from  this  defect  may  well  offset  its 
practical  usefulness.  The  eye  finds  absolutely  no  immediate 
pleasure  in  observing  its  form.  Its  sharp  angles  and  the  lack  of 
harmonic  relations  between  its  members  produce  a  painful,  re- 
pulsive reaction.  So  we  seek  to  modify  its  shape,  its  form,  its 
proportion  until  we  find  that  the  mere  sight  of  the  fixture  gives 
us  pleasure  apart  from  any  reflection  as  to  its  meaning  as  a  manu- 
factured article.  It  now  fulfills  a  purpose  which  i-s  one  with  its 
own  being  and  is  fundamental — even  deeper  than  that  which 
gave  rise  to  its  mechanical  form.  This  purpose,  ''to  prolong 
pleasurable  stimuli,  is  the  foundation  of  ail  organic  activities." 
The  mind  of  the  beholder  is  now  free  to  ask,  "what  is  the  thing 
for?"  A  question  that  would  not  naturally  arise  unless  pleasure 
rather  than  pain  was  felt  in  the  mere  presence  of  the  object. 

I  trust  that  I  have  made  it  clear  that  we  cannot  judge  of  the 
aesthetic  worth  of  an  object  merely  by  considering  adaptability 
of  form  to  purpose.  On  the  contrary,  we  can,  I  think,  agree 
with  Ruskin  that  repose  is  fundamental  in  the  scale  of  beauty, 
if  fundamental  there  be,  for  the  smoothness  and  readiness  with 
which  the  sense  stimulations  are  assimilated  will  surely  determine 
whether  attracti(jn  or  repulsion  shall  be  dominant  in  the  per- 
ception of  the  object. 
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The  author  would  add  efficiency  to  the  elements  of  beauty. 
He  asks  us  to  believe  that  ''the  work  of  the  engineer  is  beautiful 
to  exactly  the  degree  that  it  is  efficiently  done."  The  difficulty 
would  be  that  beauty  being  a  spiritual  or  ideal  quality  must  find 
in  the  mental  processes  a  parallel  for  each  of  its  elements,  and 
it  is  not  clear  just  what  process  shall  represent  efficiency  as  such. 
I  should  be  disposed  to  admit,  however,  that  economy,  given  its 
fullest  meaning,  may  be  at  least  a  secondary  attribute  of  beauty. 
But  in  this  case  we  must  be  careful  not  to  confine  economy  to 
the  dollars  and  cents,  or  purely  materialistic  aspect,  which  is  the 
usual  meaning  given  to  the  word  by  engineers. 

It  must  not  be  understood  that  we  can  abstract  beauty  from 
the  concrete.  Beauty  is  no  *'ding  an'  sich."  It  is  not  even  an 
idea.  It  is  rather  the  form  of  the  idea  fundamentally  pleasurable 
in  perception,  and  at  the  same  time,  more  than  pleasurable. 

Mr.  Elliott  has  made  a  very  evident  atempt  to  outline  a 
scheme  of  procedure  based  upon  what  he  considers  to  be  the 
nature  of  architecture,  and  I  doubt  if  we  can  appreciate  the  value 
of  his  viewpoint  short  of  a  very  careful  analysis  of  some  of  his 
opinions.  The  subject  is  very  difficult  to  understand,  however,, 
and  we  may  very  readily  get  beyond  our  depth.  The  point  I 
hope  to  make  clear  is  that  ''good  taste"  cannot  be  based  upon 
whim,  fancy,  or  prejudice,  but  must  be  founded  in  a  synthetical 
judgment,  thoroughly  trained,  both  in  abstract  and  practical  rea- 
son— an  aesthetic  necessity  that  was  first  formulated  by  Kant  in 
"The  Critique  of  the  Power  of  Judgment." 

Beauty  is  compounded  of  many  qualities,  which  it  goes  with- 
out saying,  are  almost,  if  not  entirely,  lacking  in  the  vast  majority 
of  modern  utilitarian  constructions.  It  cannot  be  doubted,  how- 
ever, that  the  spirit  is  but  dormant,  and  only  requires  the  dis- 
turbance of  a  mental  precipitation  and  a  social  revolution  to 
rouse  it  from  its  lethargy. 

The  author  tells  us  that  there  "are  no  remnants  of  any  an- 
cient structures  which  show  the  application  of  true  engineering 
principles."  Think  of  the  Pantheon  with  its  wonderful  discharg- 
ing arches  and  its  dome  illustrating  a  thorough  and  complete 
knowledge  on  the  part  of  the  builders  of  ^he  principles  of  statics ! 
What  is  the  Parthenon  but  a  perfect  example  of  fiat  arc  construc- 
tion? Would  not  any  engineer  of  today  think  twice  before  he 
would  undertake  the  erection  of  such  a  living,  moving,  delicately 
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articulated  embodiment  of  the  laws  of  arch  forms  as  La  Notre 
Dame  de  Paris?  Were  these  universally  perfect  results  attained 
haphazard,  think  you?  No  more  so  than  the  aesthetic  ideals  of 
the  times  were  not  carefully  and  expressively  wrought  into  every 
detail.  We  admit  that  no  treatise  on  statics  had  in  those  days 
been  written,  but  even  today  do  we  not  sometimes  trust  to  our 
feeling  for  right  construction  and  proportion  and  to  our  experi- 
ence of  what  certain  structural  combinations  will  and  can  do? 
Well,  imagine  this  feeling,  trained  to  extreme  delicacy  by  a  life 
of  actual  practical  working  with  stone  and  wood.  Does  not  the 
text  book  become  almost  a  superfluity  ?  And  what  is  modern 
technical  education  but  largely  a  substitute  for  these  years  of 
practical  training — a  short-cut,  so  to  speak,  to  everything  but 
judgment,  which  comes,  if  at  all,  only  with  gray  hairs,  and  has 
not  been  and  cannot  be  included  in  any  technical  school  curi- 
culum. 

It  is  rather  amusing  to  hear  the  readiness  with  which  some 
modern  engineers  cavil  and  sneer  at  the  engineering  ability  of 
the  ancients,  but  I  have  yet  to  hear  of  a  scoffer  who  has  actually 
measured,  scaled,  and  checked  one  of  these  old  structures.  The 
only  two  authorities  with  whom  I  am  familiar  who  have  actually 
taken  this  !rouble  before  announcing  their  verdict  are  M.  Viollet 
le  Due  and  Sir  Benjamin  Baker,  and  both  of  the«e  renowned 
engineers  are  unstinted  in  their  praise  of  the  accuracy  and  pre- 
cision with  which,  as  a  rule,  the  construction  of  historic  buildings 
was  designed.  It  is  not  necessary  that  the  description  of  our 
experience  be  expressed  in  mathematical  form  before  it  becomes 
*'true  engineering  principles."  The  principle  is  true  by  whatever 
symbols  it  is  represented.  Its  concrete  embodiment  is  the  meas- 
ure of  its  accuracy. 

Mr.  Elliott  is  hard  on  the  architects,  and  I  think  we  can 
admit  that  many  architects  are  only  architects  in  name  and  not 
in  ability.  But  when  he  undertakes  to  generalize  from  isolated 
cases  we  must  draw  the  line  and  ask  whether  it  is  not  possible 
that  on  occasions  engineers  have  also  been  lax  in  their  duties. 
Surely  we  all  know  of  cases  where  frightful  loss  of  life  and  great 
destruction  of  property  has  been  caused  by  careless  design  and 
equally  careless  inspection. 

In  the  attempt  to  lay  all  the  benefits  of  modern  society '  at 
the  door  of  the  scientist  and  engineer  the  author   forgets  that 
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causation  is  continuous.  We  have  always  understood  that  it  was 
the  schoolmen  and  philosophers  of  the  middle  ages  who,  in 
clearing"  the  world  of  dogmatic  rubbish,  re-established  the  con- 
tinuity of  development,  begun  in  ancient  Greece,  and  made  it 
possible  for  science  to  regain  its  foothold. 

Taking  the  wording  at  its  face  value,  I  agree  with  most  of 
what  Mr.  Elliott  says  regarding  illumination.  It  is  "a,  required 
result  of  illumination"  that  the  engineer  must  produce  at  a 
minimum  outlay  for  that  particular  ''required"  result,  and  not 
some  other  result  determined  by  the  engineer.  The  duty  of  the 
architect  is  that  of  ''unifying  and  harmonizing"  lighting  fixtures 
with  their  environment,  and  light  with  the  architectural  treatment. 
Thus  he  determines  the  "required  result"  which  the  engineer 
must  achieve. 

Even  admitting  that  the  definition  of  the  beautiful  is  wider 
today  than  it  has  ever  been  before,  yet  it  is  idle  to  talk  of  a 
future  art  based  upon  the  spirit  of  modern  mechanical  aesthetic 
genius.  The  influence  of  science  on  the  modern  aesthetic  con- 
sciousness is  due  to  the  broadening  and  deepening  of  the  intel- 
lectual imagination  rather  than  in  any  direct  modification  or 
shifting  of  the  aesthetic  medium.  The  work  of  art  must  remain 
devoted  in  the  future,  as  it  has  been  in  the  past,  to  the  creation 
of  an  ideal  world  in  which  all  the  elements  of  human  thought 
are  expressed  as  a  concrete  representation  of  the  union  of  reason 
and  feeling.  Its  subject  will  always  be  the  form  of  the  human 
consciousness  distinct  from  the  form  of  nature,  but  embodied  in 
nature  as  the  individual  representation  of  man's  interpretation 
of  the  meaning  of  the  world  of  reality.  "The  principle  of  art 
is  the  significant.     The  result  of  successful  treatment  is  beauty." 

Mr.  A.  J.  Marshall. — The  architect,  who  for  years  has 
had  full  charge  of  the  lighting  system  in  buildings,  has  failed 
to  develop  the  vital  points  necessary  for  the  proper  blending  of 
utility  and  beauty.  It  seems,  therefore,  that  the  architect  should 
not  object  to  the  illuminating  engineer  who  proposes  methods 
that  will  consider  all  of  the  points  entering  into  a  correctly  de- 
signed lighting  system.  There  are  some  illuminating  engineers 
who  are  thoroughly  qualified  to  undertake  this  class  of  work. 

The  architect  feels  that  the  illuminating  engineer  is  treading 
on  sacred  ground  when  he  attempts  to  follow  his  professional 
calling.    The  illuminating  engineer  feels  that  the  architect  knows 
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little  or  nothing  about  the  fundamental  principles  of  illuminating- 
engineering,  and,  therefore,  is  not  qualified  to  judge  of  his  work. 
The  Illuminating  Engineering  Society  should  endeavor  to  bind 
these  interests  closely  together,  having  them  all  meet  on  common 
ground,  feeling  that  each  is  working  to  the  general  good,  and 
doing  awav  with  all  possible  friction.  When  the  Society  was 
started  possibly  it  was  necessary  almost  to  antagonize  certain 
interests  in  order  to  get  them  to  enter  into  an  argument,  and 
thereby  stimulate  the  general  interest.  However,  the  necessity 
to  use  such  tactics  no  longer  exists,  as  we  are  now  one  large 
family  and  well  know  each  other's  capabilities.  My  earnest  plea 
is  that  we  bury  the  hatchet  and  get  together  for  the  good  of 
the  cause. 

Mr.  W.  H.  Gardiner. — One  of  the  elements  of  co-opera- 
tion is  for  each  man  not  to  trespass  on  the  other  man's  territory. 
I  should  be  lothe  indeed  to  see  specialists  in  engineering  abrogate 
to  themselves  matters  of  taste  or  matters  of  aesthetic  judgment. 
Engineering  deals  with  materialism  or  commercialism.  Art  is 
associated  with  the  aesthetic  sense,  which  is  not  measurable  in 
any  way  by  dollars,  or  purely  material  efficiency,  so  that,  general- 
ly speaking,  these  two  are  entirely  different. 

Mr.  E.  L,  Elliott. — It  has  been  stated  that  Greek  con- 
struction is  the  last  word  in  architecture ;  that  nothing  better  is 
possible.  The  fact  is,  however,  that  there  is  very  little  bona-fide 
Greek  construction  used  in  modern  architecture.  There  are 
plenty  of  imitations.  Fluted  columns,  Corinthian  capitals  and 
caryatides  may  be  found  on  any  number  of  sky-scrapers  in  New 
York ;  they  are  not  Greek  construction,  but  only  veneer  orna- 
mentation covering  up  the  steel  beams  underneath,  which  are 
the  real  structures.  Modern  construction  has  not  yet  been  de- 
veloped in  architectural  treatment  of  buildings.  Where  is  there 
a  building,  for  example,  in  which  the  steel  frame  construction 
is  declared  in  its  architectural  treatment?  Is  such  architectural 
treatment  impossible,  or  is  the  lack  of  it  simply  due  to  the  fact 
that  no  architectural  genius  has  yet  appeared  with  the  courage 
and  ability  to  accomplish  the  task? 

No  better  example  could  be  cited  of  the  legitimate  and  thor- 
oughly scientific  use  of  decorative  construction  than  the  fluting 
on  the  columns  of  the  Parthenon.     The  Parthenon  stands  on  a. 
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hill  where  it  catches  the  full  sunlight  in  the  peculiarly  transparent 
atmosphere  of  that  region.  A  smooth  column  under  such  con- 
ditions would  show  harsh  lights  and  shades,  which  would  in- 
terfere with  the  perception  of  the  cylindrical  form  of  the  column. 
The  flutings  break  the  heavy  shadow  up  into  lines  very  much 
as  a  draftsman  would  do  in  mechanical  drawing,  and  thus,  by 
bringing  out  the  true  form  of  the  columns,  show  that  the  heavy 
portico  is  fully  supported  by  pillars,  thus  satisfying  the  natural 
demand  of  the  mind  for  a  visible  solution  of  the  mechanical  prin- 
ciples involved. 

The  chief  aim  of  my  paper  was  to  bring  out  the  fact  that 
there  is  much  common  ground  for  the  illuminating  engineer  and 
the  architect ;  that  neither  should  hold  the  other  in  distrust,  but 
that  they  should  heartily  co-operate.  Since  the  illuminating  en- 
gineer has  been  accused,  by  implication  at  least,  of  being  incom- 
petent or  incapable  of  artistic  and  aesthetic  appreciation,  it  is 
not  unnatural  that  the  illuminating  engineer  should  retort  by 
pointing  out  some  of  the  short-comings  of  the  architect  in  this 
respect.  I  do  not  expect  that  all  illuminating  engineers  will  do 
uniformly  good  work;  there  will  be  many  a  botch  job  turned 
out  by  them  from  now  until  the  end  of  time,  just  as  there  will 
be  many  botch  jobs  turned  out  by  lawyers,  doctors,  and  archi- 
tects, until  the  human  race  is  perfected — a  time  which  I  hardly 
expect  to  live  to  see. 

Briefly,  my  contention  is  that  in  most  cases  of  architecture 
which  are  of  a  commercial  nature,  .the  illuminating  engineer 
should  be  competent  to  pass  upon  what  is  good  and  what  is  bad 
artistically,  as  well  as  scientifically ;  but^  that  where  the  artistic 
treatment  is  paramount,  there  should  be  co-operation  between 
the  architect  and  the  engineer. 
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A  meeting  of  the  Council  was  held  on  Friday,  May  8.  In 
the  absence  of  President  Bell,  Mr.  H.  K.  Mohr,  as  senior  vice- 
president,  presided. 

The  attention  of  the  Council  having  been  called  to  the 
fact  that  two  members  of  the  Society,  who  were  elected  on 
January  loth,  1908,  and  four  members  who  were  elected  on 
February  14th,  1908,  had  not  remitted  for  dues,  and  had  failed 
to  reply  to  notices  of  their  delinquency,  which  were  addressed 
to  them  by  the  General  Secretary,  it  was  ordered  that  the  names 
of  these  men  be  removed  from  the  membership  roll. 

The  following  ten  men  were  elected  members: 

Atmore,  S.,  Foreman  of  Contract  Dept,,  North  Shore  Electric  Co., 
Evanston,  111. 

COMSTOCK,  Louis  K.,  Contractmg  Engineer,  associated  with  E.  K.  Corn- 
stock  &  Co.,  New  York. 

Davies,  Hubert  W.  ,  Superintendent,  Pintsch  Compressing  Company,  303 
South  30th  Street,  Philadelphia,  Pa. 

HiRSH,  E.  W.,  Electrical  Contractor,  53  West  28th  Street,  New  York. 

Hyde,  Edward  B.,  vSupt.  of  Office  of  New  Amsterdam  Gas  Co.,  New  York. 

Kei^Eher,  Arthur  C.  F.,  Salesman,  Holophane  Compau}-,  227  Fulton 
Street,  New  York. 

Perrot,  Emii^e  G.,  Architect  and  Engineer,  Asso.  with  Ballinger  and 
Perrot,  1200  Chestnut  Street,  Philadelphia,  Pa. 

vScHROEDER,  Henry,  Salesman,  General  Electric  Co.,  Harrison,  N.  J. 

Snyder,  Francis,  Jr.,  Secretary  to  Engineer  of  Construction,  Consoli- 
dated Gas  Company,  New  York. 

Tower,  Wii^i^iam  Warren,  Superintendent,  Federal  Sign  System,  New 
York. 

An  invitation  was  extended  to  the  Council  by  the  Board 
of  Managers  of  the  Philadelphia  Section,  to  hold  the  1908  Con- 
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vention  of  the  Society  at  Philadelphia,  during  Founders'  Week, 
October  5  to  12.    This  invitation  was  accepted. 

The  Council  empowered  Mr.  Mohr,  as  Acting-President,  to 
appoint  a  General  Convention  Committee,  similar  to  the  General 
Committee  of  last  year's  Convention,  with  a  sub-committee  of  this 
General  Committee  for  the  Committee  on  Arrangements. 

NEW    YORK    SECTION. 

At  a  meeting  of  the  Section  held  on  May  14,  Dr.  Edward  L. 
Nichols,  of  Cornell  University,  presented  an  illustrated  paper 
entitled  ''Daylight  and  Artifici«,l  Light."  This  paper  is  printed 
in  this  issue,  together  with  an  account  of  the  discussion  following 
its  reading.  Secretary  Millar  announced  that  the  Section  will 
hold  no  further  meetings  until  October. 

CHICAGO  SECTION. 

A  meeting  of  the  Chicago  Section  was  held  in  the  Grand 
Pacific  Hotel  on  May  14.  The  illumination  of  residences  and 
small  stores  was  the  subject  under  discussion.  The  last  meeting 
for  the,  year  will  be  held  in  June,  at  which  time  Dr.  Henry 
Gradle  will  read  a  paper  entitled  'Tllumination  and  the  Eye." 

PHILADELPHIA    SECTION. 

The  May  meeting  of  the  Philadelphia  Section  was  held  at 
Odd  Fellows  Hall  on  Friday  evening,  May  15th,  at  6:30  p.  m., 
at  which  time  an  informal  dinner  was  served.  Mr.  W.  H.  Gart- 
ley  acted  as  toastmaster  and  presided.  The  following  members 
made  short  addresses  and  apropos  remarks :  Vice-President 
Mohr,  Chairman  Bond  and  Messrs.  Emile  G.  Perrot,  James  T. 
^laxwell.  ?\1.  C.  Whitaker,  Walton  Forstall,  Joseph  D.  Israel. 
J.  y].  Uns])\-.  Geo.  Ross  Green,  J.  B.  Klumpp  and  John  Meyer. 
This  was  the  last  meeting  of  the  season.  The  Philadelphia 
Section  will  immediately  take  active  steps  towards  assisting  in 
preparing  for  the  annual  convention  to  be  held  in  Philadelphia 
during  Founders'  \\'eek  on  October  6th  and  7th. 


DAYLIGHT  AND  ARTIFICIAL  LIGHT.  ^ 


By  Edward  L.  Nichoi.s. 


It  is  a  frequent  claim  of  advocates  of  some  new  form  of 
artificial  illumination  that  it  is  like  daylight  or  the  nearest  ap- 
proach to  daylight.  Although  such  statements  are  often  made 
only  with  the  vaguest  and  flimsiest  basis,  they  indicate  a  general 
belief  in  the  superiority  of  daylight  to  our  artificial  means  of 
lighting.  It  is  the  purpose  of  this  paper  to  make  some  definite 
■comparisons  between  daylight  and  artificial  light  which  may 
possibly  be  of  use  to  illuminating  engineers. 

SOME    CHARACTERISTICS   OF    DAYI.IGHT   CONSIDERED   AS 

II,I.UMINATlON. 

Daylight  is  exclusively  derived  from  the  sun,  which  may  be 
regarded  as  an  incandescent  source,  having  a  temperature  of 
about  6000^  C,  and  which  sends  to  us  light  of  an  essentially 
■continuous  spectrum.  Sunlight  is,  however,  greatly  modified 
by  atmospheric  absorption.  A  varying  proportion  comes  to  us 
after  selective  reflection  from  minute  particles  in  a  turbid  atmos- 
phere, from  cloud-masses  and  from  the  surface  of  the  earth 
itself. 

How  profoundly  sunlight  is  affected  by  transmission  through 
our  atmosphere  may  be  seen  from  the  averages  for  six  months 
(Feb. -Aug.,  1903)  taken  from  the  records  of  the  Astrophysical 
Observatory  of  the  Smithsonian  Institution^.  (See  Table  i  and 
Pig.  I.) 

TABI.E    I. 

Average  atmospheric  transmission  for  zenith  sun,  Feb.- 
Aug.,  1903. 

Wave-length  Percentage 

iu  cm.  Transmitted 

.80  X  10""*  80.1 

.70  75.6 

.60  68.2 

.50  62.4 

•45  55.3 

.40  47.5 


1  Read  before  the  New  York  Section  of  the  Illuniinatiug  Engineering  Society  on 
3Iay  14. 1908. 

2  Langley,  8.  P.,  Astrophysical  Journal,  XIX,  p.  313, 1904. 
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It  will  be  seen  that  the  violet  end  of  the  sun's  spectrum  is 
reduced  to  less  than  one-half  by  passing  through  our  atmosphere, 
while  the  red  end  loses  less  than  25  per  cent,  of  its  initial  inten- 
sity. The  ultra-violet  is  affected  even  more  strongly^;  so  much 
so  that  the  photographic  spectrum  of  sunlight  terminates  at  a 
wave-length  of  about  .30  x  lo"*  cm.  Of  the  indirect  compo- 
nents of  daylight,  that  from  the  unclouded  sky  is  relatively 
stronger  in  the  blue  and  violet  than  sunlight  by  greatly  varying 
amounts  which  depend  on  the  state  of  the  atmosphere. 

The  theoretical  relation  for  the  ideal  sky,  deduced  by  Lord 
Rayleigh  from  the  properties  of  a  turbid  medium,  the  particles 
suspended  in  which  are  small  compared  with  a  wave-length  of 
light,  shows  that  the  intensity  of  the  diffused  light  of  any  given 
wave-length  in  terms  of  that  of  the  incident  sunlight  of  the 
same  wave-length,  varies  inversely  as  the  fourth  power  of  the 
wave-length.  The  relative  intensities  of  such  a  sky  as  com- 
pared with  sunlight  is  given  graphically  in  curve  R,  Fig.  2,  the 
ratio  of  the  sky  to  the  sun  being  taken  as  unity  at  a  wave-length 
•of  .70. 

Actual  skies,  when  compared  with  direct  sunlight,  rarely  ap- 
proach this  ideal  relation.  They  give  curves  very  much  nearer 
to  sunlight.  Thus  B,  Fig.  2,  is  plotted  from  the  average  of 
measurements  made  on  five  different  days  in  March  and  April, 
by  Bock^   at  Passau,  Bavaria. 

Summer  skies  have  still  less  preponderance  of  blue  even  in 
the  finest  weather,  as  was  shown  by  Crova^  in  a  series  of  observ- 
ations which  extended  over  two  years.  Curves  T,  Z  and  A 
(Fig.  2),  from  measurements  made  by  myself  last  summer  at 
Trafoi  (Tyrol),  and  at  Zernez  and  Andermatt  in  Switzerland, 
are  typical  cases  of  summer  skies. 

At  first  sight  one  might  expect  that  at  elevated  stations  the 
curve  would  approach  more  nearly  to  the  ideal,  but  that  is  not 
found,  in  general,  to  be  the  case.  Indeed,  some  measurements 
made  at  the  top  of  the  Brienzer  Rothhorn  and  at  the  Payerhiitte 
on  the  Ortler,  show  less  divergence  from  direct  sunlight  than  at 
lower  stations. 

An  unshaded  surface  receives  sunlight  and  skylight  in  vary- 
ing proportions.     In    bright    weather,    with    unclouded   sky,    a 

1  Cornu  :  Journal  de  Physique  10, 1881. 

*  Bock  :  Wiedemann's  Annalen  68,  p.  674. 

3  Crova :  Annales  de  Cliiniie  et  de  Physique  (6)  vol.  20,  p.  480 ;  vol.  25,  p.  534. 
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piece  of  black  "needle  paper,"  placed  in  a  horizontal  plane  and 
illuminated  by  sun  and  sky,  will  sometimes  be  as  bright  as  white 
paper  shaded  from  the  direct  sunlight,  so  that  the  ratio  of  sun- 
lit to  shaded  illumination  is  approximately  15  per  cent.  At 
great  altitudes  the  ratio  would  doubtless  be  even  greater.  The 
other  limit  is  unity  for  an  obscured  sun. 

If  we  mean  by  daylight  the  illumination  of  an  unshaded  sur- 
face, this  will  then  differ  from  sunlight  but  slightly  in  quality, 
since  sunlight  is  the  dominant  factor.  Daylight,  defined  as  the 
light  illuminating  a  shaded  surface,  will,  however,  always  be 
bluer  than  sunlight,  occasionally  with  the  violet  relatively  eight 
or  ten  times  as  strong  as  the  red,  and  ranging  from  this  to  light 
less  than  twice  as  blue  as  sunlight. 

The  human  race,  as  I  pointed  out  in  a  recent  paper  read 
before  the  National  Academy  of  Sciences,  having  been  developed 
in  sunlight,  has  its  organs  of  vision  adapted,  by  long  ages  of 
exposure,  to  that  particular  stimulus.  It  is  not  to  be  regarded 
as  a  coincidence,  then,  but  as  the  result  of  evolution  rather,  that  the 
maximum  of  the  luminosity  curve  for  the  normal  eye  (Fig.  3  L) 
is  in  the  same  region  of  the  spectrum  as  the  maximum  of  the 
energy  curve  of  sunlight  (Fig.  3  E). 

Since  primitive  man,  moreover,  was  not  nocturnal  in  his 
habits,  the  range  of  sensitiveness  of  his  eye  is  for  daytime  use, 
and  he  does  not  see  as  well  by  night  as  cats  or  owls.  It  is  the 
extension  of  our  activities  to  the  hours  of  darkness,  under  the 
conditions  of  our  new  civilization,  that  has  made  artificial  light- 
ing necessary  and  brought  into  existence  the  important  profes- 
sion of  the  illuminating  engineer.  The  acceptance  of  daylight 
as  an  ideal  or  standard  by  which  to  gauge  our  existing  methods 
of  artificial  illumination,  to  determine  its  shortcomings  and  to 
ascertain,  in  the  further  development  of  the  art,  what  to  strive 
for  and  what  to  avoid,  has  a  sound  philosophical  basis. 

We  may  take  as  a  general  principle  that  the  7iorvial  stimulus  of 
eye  is  diffused  daylight,  andjhat  artificial  stimuli  which  depart  ividely 
from  it  either  as  to  inteiisity  or  quality  are  sure  to  be  unsatisfactory 
and  are  likely  to  be  injurious. 

The  range  of  intensity  of  ordinary  daylight,  as  between  sum- 
mer and  winter,  or  between  noontime  in  the  open  air  on  a  fine 
day  when  the  sky  is  filled  with  sunlit  cloud  masses  and  a  dark 
overcast  day  indoors,  is  very  considerable.  We  have  data  for  the 
annual  variation  from  L.  Weber,  taken  at  Kiel  in  Germany  dur- 
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iiig  1890-92  with  the  instrument  which  has  since  become  well 
known  under  the  name  of  the  Weber  photometer^.  His  results, 
which  are  giv^en  graphically  in  Fig.  4  W,  indicate  about  ten 
times  as  bright  daylight  in  July  as  in  December. 

Basquin's  curve"^,  giving  the  results  of  similar  measurements 
made  in  Chicago  in  1898,  is  reproduced  for  comparison  in  the 
same  figure  (Fig.  4  B).  It  shows  about  the  same  total  range,  but 
is  much  less  regular. 

Professor  Basquin,  in  the  article  just  cited,  has  also  published 
a  curve  giving  the  average  range  of  brightness  of  daylight  be- 
tween 7.30  A.M.  and  4.30  P.M.  (see  Fig.  5B).  It  shows  an 
almost  symmetrical  arrangement  of  values  about  the  noontime 
maximum  with  a  total  range  of  about  3.5  :  i.  Individual  curves 
taken  on  fine  days  in  summer  indicate,  as  a  rule,  somewhat 
higher  values  in  the  afternoon  and  evening  than  at  corresponding 
hours  in  the  morning.  Curve  N  (Fig.  5),  which  is  from  observa- 
tions made  at  Sterzing  (Tyrol)  on  July  18,  1907,  is  typical -^  I 
began  readings  before  sunrise  and  continued  them  at  intervals 
until  after  sunset.  The  station  is  about  1000  meters  above  sea 
level  in  a  mountainous  region  south  of  the  Brenner  Pass. 

The  shift  in  the  curve  in  this  instance  was  very  marked.  The 
illumination  from  the  zenith  was  1.44  times  as  great  at  4  P.M.  as 
at  8  A.M.,  and  2.5  times  as  great  at  6  P.M.  as  at  6  A.M. 

The  excess  of  light  in  the  later  hours  of  the  day  is  doubtless 
due  to  the  gradual  accumulation  of  condensed  moisture  in  the 
atmosphere  whereby  the  reflecting  power — and  consequently  the 
brilliancy  of  the  sky — is  greatly  increased.  The  mist  is  at  first 
quite  imperceptible  to  the  eye,  but  tends  in  the  afternoon  to 
gather  in  white  masses  of  sunlit  cumulus.  This  was  the  case  on 
the  day  during  which  the  curve  N  was  obtained. 

The  eye,  although  developed  under  daylight  and  adapted  by 
long  ages  of  exposure  to  it  as  the  normal  stimulus,  admits  of  a 
certain  range  both  as  to  intensity  and  quality  ;  and  a  knowledge 
of  this  range  is  of  the  utmost  importance  to  students  of  the  science 
of  illumination.  That  the  intensity  of  full  daylight — out  of  doors 
but  protected  from  direct  sunlight — lies  near  the  upper  limit,  is 


*  Weber,  L.:  Resuitate  der  Tageslichtmessuugeu  in  Kiel,  1890-92;  Schriften  des 
naturwissen.schaftlichen  Vereins  Schle.swig-IIolsteius,  Vol.  X,  p.  77,  1893. 
»  Basquiu:  Illuminating  Eugiueer,  Vol.  1,  i>.  829,  1906. 

^  No  attempt  has  been  made  to  reduce  the  ordiuates  of  Curves  B  and  N,  Fig.  f),  to 
a  common  value. 


NICHOLS  :    DAYLIGHT    AND    ARTIFICIAL    LIGHT 


307 


obvious.  No  one  cares  to  read  with  the  page  exposed  to  direct 
sunlight.  We  may  be  quite  free  from  fatigue  in  the  brightest 
summer's  days  in  the  fields,  but  add  the  light  from  snow-covered 
ground  or  sometimes  of  water  or  white-washed  walls  and  most 
eyes  demand  protection. 

At  heights  of  3,000  meters  or  more  above  sea-level,  exposure 
on  sunlit  snowfields  involves  injury  from  excess  of  ultra-violet. 
The  eye  will  usually  adjust  itself  within  limits  to  mere  brightness, 
so  that  sailors  and  fishermen  do  not  have  to  resort  to  artificial 
protection,  but  the  mountain  guide  who  is  on  the  snow  daily 
throughout  the  season  always  wears  dark  glasses. 
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This  means  that  the  absorption  of  the  ultra-violet  rays  by  the 
atmosphere  is  only  just  sufficient,  at  lower  levels,  to  protect  the 
eye,  and  that  we  are  near  the  danger  limit  in  this  respect  also. 
The  point  is  confirmed  and  emphasized  by  the  experience  of 
those  who  have  exposed  their  eyes  to  light  sources  rich  in  the 
ultra-violet,  such  as  the  mercury  arc  in  a  quartz  tube  or  naked 
flaming  arcs  of  certain  types. 

The  average  illumination  from  the  entire  sky  in  July,  accord- 
ing to  Weber's    determination,   reaches  about    100,000    hefner- 
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meters.  H.  C.  VogeP  ,  who  made  similar  measurements  in  1897 
at  Charlottenburg,  obtained  for  his  summer  maximum  78,000 
hefner-meters.  The  results  of  BavSquin,  already  cited,  when 
expressed  in  this  unit  give  about  33,000  hefner-meters  for  the 
month  of  June  in  Chicago,  which  is  what  one  would  expect  in 
comparing  sky  illumination  in  a  large  and  smoky  city  with  that 
obtained  in  clearer  atmospheres.  It  is  an  almost  incredible  step 
from  these  values,  which  represent  approximately  the  upper 
limit  of  what  the  eye  endures  without  undue  fatigue,  to  the  12 
hefner-meters  which  ha\'e  been  found  to  suffice  for  the  easy 
reading  of  large  print ^.  The  latter  intensity  is  nevertheless  still 
further  removed  from  the  least  illumination  which  will  produce 
vision.  From  Langley's'^  determination  of  the  minimum  amount 
of  energy  which  suffices  to  give  the  sensation  of  light  to  the  eye 
it  seems  certain  that  the  corresponding  illumination  is  several 
million  times  dimmer  than  the  minimum  which  is  regarded  as 
adequate  for  reading. 

The  intensity  of  illumination  of  the  sky  has  not  only  its  regu- 
lar daily  and  annual  variation  which  depend  upon  the  position  of 
the  sun,  but  is  subject  to  sudden  fluctuations  with  the  gathering 
and  dissipation  of  cloud  masses.  I  had  an  excellent  opportunity 
to  study  this  phenomenon  on  a  showery  day  last  summer.  In  the 
afternoon  of  July  15th,  1907,  I  was  endeavoring  to  make  observ- 
ations on  the  color  of  the  sky  at  the  Tyrolese  village  of  Sterzing, 
for  which  purpose  I  had  set  up  my  spectrophotometer  in  a  quiet 
inn  garden.  At  5.30  P.M.  the  sky  was  quite  clear  and  I  began  a 
series  of  readings.  Within  ten  minutes,  during  which  interval 
I  made  observations  about  two  minutes  apart,  the  clouds  had 
been  forming  rapidly.  At  first,  mere  white  sunlit  threads  of 
mist,  then  brilliant  cloud  mas.ses  filled  the  zenith,  and  finally  a 
dark  storm-cloud  gathered  which  threatened  immediate  rain. 
Within  the  last  minute  the  direct  sunlight  became  entirely 
obscured. 

The  results  are  given  in  Fig.  6,  in  which  the  ordinates  of  the 
curve  are  intensities  and  abscissas  are  times  at  which  readings 
were  made.  It  will  be  seen  that  the  illumination  increased  four- 
fold during  the  first  eight  minutes,   reaching  a  maximum,  and 


V,   1888. 


»  Vogel,  H.  C. :  Wiedemaiiu's  Annalen,  vol.  61,  p.  408,  1897. 

2  Bell :  The  Art  of  Illuiiiiiiation,  page  18. 

3  Langley :  Energy  and  Vi.siou  :  Memoirs  of  National  Academy  of  Sciences,  vol. 
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then  suddenly  dropped  to  its  initial  value.  The  maximum  corre- 
sponded to  the  moment  when  the  cloud  masses  within  the  field  of 
vision  had  reached  their  greatest  density  previous  to  the  obscura- 
tion of  the  sunlight.  It  is  interesting  to  note  that  the  illumination 
from  the  darkly  overcast  sky  was  the  same  as  from  the  cloudless 
sky  of  ten  minutes  before.  Tue  identity  of  values  is  accidental, 
but  by  no  means  inconsistent  with  the  generally  observed  fact. 
Basquin  in  his  paper  classifies  the  skies  observed  during  the  long 
series  of  observations  made  at  Chicago  into  five  groups,  of  which 
darkly  overcast  sky  without  sunlight  and  cloudless  sk}^  are  of 
the  lowest  intensities.     His  averages  show  a  brightness  for  the 
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Fig.  6 


unclouded  sky  of  1.5  times  that  of  the  overcast  type.  The  identity^ 
of  the  values  for  these  tvvo  skies  in  the  curve  in  Fig.  6  means- 
simply  that  the  cloudless  sky  was  clearer  and  consequently 
darker  than  the  average  of  such  skies  in  Chicago,  which  is  to  be 
expected,  both  on  account  of  the  locality — an  Alpine  valley — and 
because  of  the  height  above  the  sea  (r,ooo  meters). 

THE    VARYING    QUALITY    OF    DAYLIGHT. 

The  study  of  the  composition  of  daylight  is  a  matter  of 
spectrophotometric  comparison.  In  many  of  the  determinations 
hitherto  published,  the  reference  standard  has  been  direct  sun- 
light ;  and  for  certain  purposes,  such  as  the  investigation  of  the 
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modifications  which  sunlight  undergoes  in  diffusion  by  the  atmos- 
phere and  in  reflection  from  cloud  masses  and  from  the  surface  of 
the  earth  it  is  the  most  suitable  standard. 

The  study  of  sunlight  itself  shows  however  an  exceedingly 
variable  composition.  Of  direct  comparisons  between  sunlight  and 
artificial  illumiuants,  wave  length  by  wave  length,  but  few  have 
been  recorded.  Crova  used  for  such  purposes,  as  his  comparison 
of  standard,  the  Carcel  lamp  ;    H.  C.  Vogel,  a  petroleum  flame  ; 
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W.  H.  Pickering,  a  gas  flame  ;  and  Else  Koettgen,  the  Hefner 
lamp.  Miss  Koettgen 's  measurements  may  be  regarded  as  typical 
and  they  are  referred  to  a  standard  concerning  which  our  data 
are  comparatively  complete  and  definite.  The  curve  given  in 
Fig.  7  is  from  her  data,  but  plotted  in  a  modified  form,  so  that 


ordinates    represent    the    quantity 


H 


.59 


where    H    is  the  in- 


S        H.59 

tensity  of  the  spectrum  of    the    Hefner    flame    for    any    region, 
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S  the  corresponding  intensity  of  the  spectrum  of  sunlight,  and 

— ^-  is  the  ratio  of  the  two  spectra  for  the  region  of  the  sodium 

lines.  The  curve  indicates  therefore  the  relative  distribution  of 
intensities  in  the  spectrum  of  the  Hefner  flame  as  compared  with 
sunlight  where  the  two  spectra  are  taken  as  of  equal  brightness 
at  a  wave  length  of  .59.  It  will  be  seen  from  the  curve  that  the 
strength  of  the  violet  of  wave  length,  .40,  in  the  spectrum  of 
the  Hefner  flame  is  about  1/70  of  that  of  sunlight  when  the  twa 
are  of  equal  strength  in  the  extreme  red. 

An  acet3dene  flame  makes  a  much  better  comparison  source,, 
since  it  is  relatively  about  five  times  as  intense  in  the  violet  as  the 
Hefner  flame.  Our  knowledge  of  the  quality  of  the  light  emitted 
is  equally  accurate.  Had  an  acetylene  flame  been  used  in  Miss. 
Koettgen's  work,  the  strength  of  the  violet  would  have  been 
about  ^/i4  instead  of  V70  that  of  sunlight. 

During  the  summer  of  1907  I  made  several  comparisons  of 
the  red  and  violet  respectively  of  sunlight  with  the  corresponding 
wave-lengths  in  the  spectrum  of  the  acetylene  flame.  The  re- 
sults, which  are  given  in  the  following  table,  show  that  the 
summer  sunlight  in  various  places  in  Switzerland  was  relatively 
weaker  in  the  blue  and  violet  than  that  measured  by  Miss  Koett- 
gen  in  Berlin,  August,  1893. 

Table   II. 

Values  of  the  ratio  of  sunlight  to  acetylene  flame  in  violet 
(wave  length,  .42  x  io~^  cm.)  when  the  two  spectra  are  of  equal 
brightness  in  the  extreme  red  (.725  x  io~*  cm.). 


Station 

Date 

Sun/CzHg 

Hour 

Payerhut  (on  Ortler) 

July  29, 

1907 

3.61 

10:00  A.M. 

St.  Maria  (Switzerland) 

July  31, 

1907 

3.67 

8:30  A.M. 

Zernez  (Switzerland) 

Aug.  I,  ] 

901 

5-07 

9:15  A.M. 

Andermatt      " 

Aug.  9,  ] 

[907 

10.20 

10:30  A.M. 

Brienz 

Aug.  13, 

1907 

3.57 

9:15  A.M. 

Brienzer  Rothhorn 

(Switzerland) 

Aug.  14, 

1907 

7.23 

11:30  A.M. 

Brienzer  Rothhorn 

(Switzerland) 

Aug.  14, 

1907 

4-95 

3:30  P.M. 

Brienz               * ' 

Aug.  15, 

1907 

4.12 

9:15  A.M. 

Brienz               " 

Aug.  19, 

1907 

9.90 

9:45  A.M. 

Average     -     5.81 
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Crova,^  who  made  many  comparisons  between  sunlight  and 
the  carcel  lamp  on  Mount  Ventoux,  France,  found  an  average 
value  which,  computed  for  the  same  parts  of  the  spectrum, 
equals  30,  or,  reduced  to  terms  of  the  acetylene  flame,  about  6. 

It  would  be  interesting  to  have  data  on  the  variation  in 
■quality  of  direct  sunlight  from  sunrise  to  sunset,  but  the  results 
would  [doubtless  be  of  greater  importance  to  the  meteorologist 
than  to  the  illuminating  engineer.  So  far  as  the  problems  of 
illumination  are  concerned  we  may  rest  with  the  statements  al- 
ready made  of  the  very  considerable  range  of  sunlight  as  to 
quality,  even  when  the  sun  is  high,  and  pass  to  the  consideration 
of  the  further  selective  modifications  that  occur  in  diffuse  day- 
light. I  shall  illustrate  these  modifications  by  means  of  a  few 
typical    examples   of  skies    taken  chiefly  from  the  results  of  an 
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Fig.   8 


extended  series  of  spectrophometric  observations  which  I  made 
during  a  recent  trip  abroad.  The  instrument  used  was  described 
at  the  February  (1908)  meeting  of  the  American  Physical 
Society.  It  is  a  simple  form  of  Lummer-Brodhun  spectrophoto- 
meter constructed  with  a  view  to  lightness  and  portability,  and 
modified  to  meet  the  conditions  for  traveling.  It  consists  of  a 
horizontal  collimator  (H),  a  vertical  collimator  (V),  a  Lummer- 
Brodhun  cube  (Iv),  a  set  of  direct  vision  prisms  (P),  and  an  ob- 
serving telescope  ;  (see  Fig.  8) .  The  vertical  collimator  con- 
tains a  nicol  (N)  by  means  of  which  the  component  of  the  light 
from  the  sky  polarized  in  the  sun's  vertical  plane,  or  that  at 
right  angles  to  the  same,  could  be  studied.  In  front  of  the  hori- 
zontal slit  the  comparison  flame  was  mounted  and  all  daylight 
was  excluded  from  this  collimator.  The  measurements  were  all 
made  with  the  collimator  tube  through  which  the  daylight  en- 


'  Crova :  Annules  de  Chimie  et  de  Physique  ((J)  XX  p.  492. 
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tered  the  instrument  pointed  to  the  zenith.  The  slit  was  shaded 
from  the  direct  rays  of  the  sun  and  received  light  from  a  circular 
field  of  sky  a  few  degrees  in  diameter.  The  comparison  source 
was  a  small  acetylene  flame.  In  taking  readings  the  width  of 
the  vertical  slit  was  varied  until  the  equality  of  the  two  spectra, 
in  the  region  under  observation,  was  obtained.  The  entire  visible 
spectrum  was  thus  explored  step  by  step. 

At  dawn  and  after  sunset  in  cloudless  weather  the  light  from 
the  sky  is  sunlight  diffusely  reflected  by  the  upper  atmosphere 
and  unmodified  by  selective  reflection  from  clouds  and  earth. 
The  curves  obtained  under  such  conditions  are  all   of  the  same 
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type,  showing  only  trifling  variations  in  quality.  The  curve  in 
Fig.  9  shows  the  mean  of  several  observations  taken  before  sun- 
rise and^after  sunset  in  summer  time.  The  ordinates  of  this 
curve,  and  of  the  subsequent  curves  excepting  where  otherwise 
specified,  give  the  intensity  of  the  spectrum  of  light  from  the 
sky  in  terms  of  that  of  the  comparison  flame,  wave  length  by 
wave  length.  It  will  be  seen  that  this  typical  dawn  curve  indi- 
cates a  relative  brightness  of  the  violet  from  the  sky  about 
twenty  times  that  of  the  spectrum  of  the  acetylene  flame. 

After  sunrise  and  when  the  landscape  has  become  fully  illumi- 
nated, say  at  g  A.M.  in  summer,  the  light  received  from  the  zenith 
sky  is_sometimes  increased  about  twenty  fold  as  compared  with 
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the  brightness  at  dawn.  On  exceptional  days  when  the  air  is 
unusually  free  from  moisture  the  curve  will  be  found  to  take  the 
form  shown  in  Fig.  10.  It  is  necessarily  plotted  to  a  smaller 
scale  on  account  of  the  increased  size  of  the  ordinates.  ,  The 
dawn  curve  plotted  to  this  new  scale  is  shown  at  the  bottom  of 
the  figure.  If  we  multiply  the  ordinates  of  the  dawn  curve  by 
an  amount  sufficient  to  make  its  intensity  in  the    red  equal  to 
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that  of  the  daylight  curve  we  can  more  rapidly  compare  the  two 
curves.  It  will  be  noted  that  while  the  relative  intensities  in 
red  and  violet  are  almost  unchanged,  the  curves  do  not  corre- 
spond in  the  intermediate  portions  of  the  spectrum.  The  dis- 
crepancy is  greatest  in  the  yellow  region  where  the  ordinate  of 
the  daylight  curve  is  relatively  twice  as  great  as  at  dawn.  That 
this  selective  difference  is  unquestionably  due  to  the  effect  upon 
the  color  of  the  sky  of  light  received  from  the  brown  or  yellow 
soil  of  the  earth  and  from  foliage,  I  have  already  pointed  out  in 
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my  recent  paper  before  the  American  Physical  Society.  The 
effect  upon  the  quality  of  skylight  produced  by  the  presence  of 
sunlit  fog,  mist  or  cloud  masses  is  quite  different  and  is  easily 
distinguished  from  that  due  to  light  reflected  from  the  surface  of 
the  earth. 

In  ordinary  fine  weather,  particularly  in  summer  among  the 
mountains,  mist  begins  to  gather  as  the  sun  gets  high  ;  tending 
later  in  the  day  to  the  formation  of  cumulus.  The  effect  shows 
itself  in  the  form  of  the  curves  before  the  eye  becomes  definitely 
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aware  of  the  change  in  the  appearance  of  the  sky.  There  is  an 
increase  in  the  brightness  of  the  longer  wave  lengths  ;  not  selec- 
tively with  a  maximum  in  the  yellow,  as  in  the  case  of  the  light 
from  the  earth,  but  extending  to  the  extreme  red.  At  the  same 
time  there  is  an  extraordinary  diminution  in  the  extreme  violet. 
as  though  the  presence  of  the  condensed  moisture  had  produced 
an  absorption  band  having  its  edge  near  the  limit  of  visibility 
of  the  spectrum.     Curve  («),  Fig.  ii,  has  been  selected  to  illus- 
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trate  this  type  of  sky.  The  measurements  were  taken  on  the 
ice-field  of  the  upper  Rhone  glacier,  where  the  selective  reflec- 
tion from  foliage  and  soil  are  nearly  absent,  although  the  gray 
rock  of  surrounding  peaks  doubtless  contributes  something  to 
the  light  from  the  sky. 

If  the  air  be  filled  with  sunlit '  fog  through  which  the  blue 
above  is  still  dimly  visible,  the  curve  of  intensities  is  further 
modified  (see  curve  (^),  Fig.  ii).  Measurements  upon  a  mass 
of  brilliantly  white  cumulus  surrounded  by  blue  sky  gave  the 
curve  c  (Fig.  ii).  When  finally  the  sky  becomes  entirely  over- 
cast, excluding  all  directly  reflected  Hght,  the  remarkable  selec- 
tive features  in  the  blue  and  violet  are  nearly  or  quite  obliterated 
and  the  intensities  throughout  the  spectrum  are  reduced.  A 
typical  case  is  illustrated  in  curve  d  (Fig.  ii),  which  is  from 
measurements  made  upon  a  uniformly  cloudy  but  very  bright 
sky  at  Vienna  (lo  A.M.,  June   7,  1907). 

THE     COMPARISON    OF     VARIOUS     ARTIFICIAL     LIGHT     SOURCES 
WITH    DAYLIGHT,    AS   TO   QUALITY. 

In  attempting  to  compare  the  quality  of  artificial  illumination 
in  a  definite  and  consistent  manner  with  daylight  it  is  necessary 
to  have  some  standard  to  represent  the  latter.  The  difficulty  in 
selecting  this  standard  is  evident  when  we  consider  the  varia- 
tions in  the  composition  of  the  latter  indicated  in  the  examples 
given  above. 

Averages  taken  from  sufficient  data  would  afford  such  a 
standard,  but  would  not  be  the  same  for  winter  and  summer,  nor 
for  city  and  country,  nor  for  stations  at  sea-level  and  in  the 
mountains. 

The  measurements  from  which  I  have  selected  the  foregoing 
examples  of  individual  skies  consist  of  about  150  sets  of  observa- 
tions of  which  1 15  were  made  during  the  hours  of  full  daylight. 
They  cover  a  period  of  about  six  months,  Feb. -Aug.  1907,  and 
include  all  tlie  types  of  weather  encountered  during  that  period, 
although  fine  weather  undoubtedly  received  more  than  its  due 
share  ot  attention,  since  there  was  no  expectation  of  utilizing  the 
results  for  obtaining  such  an  average  as  is  now  being  considered. 

The  sets  were  first  averaged  by  groups,  each  wave  length  by 
itself  ;  the  observations  in  each  locality  constituting  a  group.  A 
miscellaneous  group  was  also  formed  consisting  of  various  obser- 
vations where  only  one  or  two  sets  were  made  in  a  place,  as  at 
Geneva  (Switzerland),  Salzburg  (Austria),  etc. 
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The  results  are  given  in  the  following  table  : 

Table  III. 

Average  intensities  of  the  spectrum  of  daylight   (in  terms  of 
that  of  an  acetylene  flame)  in  various  localities. 

I. 

Stations  Nkar  Sea  Level  or  at  Moderate  Altitudes. 


"Wave-length  in  cm. 

At  Sea 

Algiers 

Biskra  (Algeria) 

(February) 

(February) 

(March) 

3  sets 

4  sets 

20  sets 

.725  X  IO~* 

1.98 

2.84 

4.26 

.620 

4.00 

4.76 

6.61 

•530 

9.62 

8.94 

10.89 

.460 

15.55 

14.44 

15.21 

.420 

20.28 

18.17 

20.23 

'390 

27.80 

18.16 

23.20 

Naples 

Palermo 

Taormina  (Sicily) 

(March) 

(April) 

(April) 

6  sets 

7  sets 

6  sets 

,725  X  IO~* 

2.40 

6.64 

7.03 

.620 

5.20 

TO.44 

14.01 

.530 

10.08 

16.13 

19^29 

.460 

i6'.72 

22.28 

29.94 

.420 

22.05 

30.28 

37.47 

.390 

25.20 

33.70 

48.53 

Bebek  (Turkey)  ^ 

Vienna 

Miscellaneous 

(May) 

(June)      (Salzburg,  Bozen,  Genera) 

4  sets 

II  sets 

3  sets 

.725  X  10—^ 

12.05 

9-30 

8.01 

.620 

17.50 

12.37 

15.61 

.530 

22.12 

24.25 

23.17 

.460 

28.75 

33.95 

41.73 

.420 

34-67 

39.18 

48.47 

.390 

38.20 

43.50 

49.23 

'  Measurements  made  during  a  week  of  unsettled  weather  with  much  mist. 
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II. 
Stations  Among  the  Tyroi^kse  and  Swiss  Mountains. 


Wave-length  in  cm. 


Zell-am-See 
(Austria)^ 

(July) 

6  sets 


Sterzing 

(Tyrol) 

(July) 

15  sets 


,725  X  IO~ 
.620 

.530 

.460 
.420 

.390 


.725  X  lO" 
.620 

.530 

.460 
.420 

•390 


13.04 
22.93 
29.32 

39.39 

47.88 

46.91 

Brienz 

(Aug.) 
5  sets 

8.20 
17.90 
28.10 
62.60 

72.39 
68.32 


9-33 
17.04 

25.70 

39.80 

52.40 

50.80 


Brienzer  Rothorn 
(Aug.) 

4  sets 


Trafoi 

(Tyrol) 

(July) 

8  sets 

7.17 
16.08 
26.95 

43.50 
54.80 
52.40 

Misc.  (Swiss) 

(July- Aug.) 

13  sets 


5-84 
13.88 

23.50 
46.11 

55-47 
54.15 


8.52 
20.30 

33.85 
51.55 
64.35 
61.30 


Averages  for  I.      .725 
(lower  levels)      5.82       10.33 

Averages  for  II.   8.80       18.05 
(Switzerland  and  Tyrol). 

Averages  for 
all  Stations         7.13       13.70 


III. 
GeneraTv  Averages 

.620 


.530         .460         .420 
15-57       22.30       27.80 

28.45       46.00       57.35 


.390 
31.71 
54.10 


21.22       32.75       41.02       41.60 


A  study  of  curves  plotted  from  these  group-averages  shows  a 
continued  rise  in  all  values  with  the  advance  of  the  season  such  as 
would  be  anticipated  from  the  data  for  undispersed  daylight  ob- 
tained by  Weber  and  by  Basquin  (already  cited),  as  well  as  from  the 
spectrophotometric  measurements  of  Crova.  It  further  appears 
that  the  measurements  fall  into  two  distinct  classes,  those  made 
among  the  mountains  of  Switzerland  and  the  Tyrol,  and  those 
from  other  stations.     In  Fig.  1 2  are  plotted  curves  which  repre- 


'  Measurements  made  during  a  week  of  stormy  weather  with  occasional  sunshine. 
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sent  respectively  the  average  of  all  the  readings  taken  (a),  the 
corresponding  average  for  Switzerland  and  the  high  stations  in 
the  Tyrol  {d),  and  the  general  average  for  all  other  observations 
(c).  It  will  be  noted  that  the  feature,  already  discussed,  of  a 
maximum  in  the  blue  is  well  marked  in  the  Swiss  average,  but 
has  disappeared  altogether  from  the  average  of  the  other  curves. 

Since  the  determination  of  the  average  quality  of  daylight  is 
in  question,  rather  than  of  intensity,  the  various  curves  may  be 
reduced  to  a  common  basis  by  giving  them  all  the  same  value  in 
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the  region  of  maximum  luminosity  at  w^ave  length  .59  in  the 
usual  manner.  Thus  reduced,  it  appears  that  in  spite  of  the 
wide  range  in  the  character  of  individual  curves  as  affected 
by  weather  conditions,  etc.,  the  averages  show  a  surprising 
•degree  of  uniformity,  at  least  in  so  far  as  the  groups  in  question 
cover  several  days'  work  under  varying  weather  conditions. 
The  reduced  values  for  all  the  group  of  the  previous  table  are 
given  in  Table  IV. 
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Table  IV. 

Values  for  the  ratio  daylight/C  2  H2  averaged  by  groups  and 
reduced  to  the  basis  of  equal  brightness  of  both  spectra  at  wave- 
length of  .59  X  io~^  cm. 

Wave-Lengths  in  10—^  cm. 

Stations  .725         .620         .590         .530  .460         ,420  .390 

At  Sea 367  .739  I. GO  1.78  2.87  3.75  5.12- 

Algiers 466  .764  i.oo  i.aj  2.37  2.97  2.96 

Biskra 538  .835  i.oo  1.38  1.93  2.56  2.95 

Naples 444  .962  I.oo  2.01  3.09  4.08  4.65 

Palermo 566  .873  i.oo  1.24  1.85  2.52  2.81 

Taormina 423  .844  i.oo  1.49  1.80  2.26  2.92 

Bebek 640  .928  i.oo  1.17  1.52  1.84  2.03 

Vienna 562  .742  i.oo  1.46  2.05  2.36  2.62 

Zell 528  .922  I.oo  1. 18  1.58  1.93  1.89 

Sterzing 468  .852  i.oo  1.28  1.99  2.52  2.54 

Trafoi 358  .804  1.00  1.35  2.17  2.74  2.62 

Brienz 388  .848  i.oo  1.33  2.96  3.43  3.23. 

Rothhorn 334  .824  i.oo  1.39  2.73  3.28  3.22 

Misc.  (Swiss) ..  .    .347  .850  I.oo  1.42  2.17  2.70  2.57 

f   Misc.   (other)...   .460  .900  i.oo  1.33  2.39  2.77  2.8;^ 

Averages — 
Swiss,  etc 420      .859       I.oo      1.35       2.19      2.73      2.58. 

Averages — 
Lower  Stations.  .    .490      .866       i.oo       1.31       1.87       2.34      2.67 

Averages — 
All  Stations  ... .    .450      .865       i.oo      1.34      2.07       2.59      2.63 

Groups  covering  only  a  single  day's  work  are  affected  both 
by  the  character  of  the  surrounding  landscape  and  by  the 
accidental  weather  conditions  and  do  not  agree  so  well  with  the 
general  average.  It  appears,  however,  that  the  average  of  all 
the  curves,  or  the  average  of  all  but  the  Swiss  readings,  affords 
a  sufficiently  definite  standard  for  daylight  with  which  we  may 
compare  our  artificial  sources  of  illumination.  Of  how  much 
influence  upon  the  result  is  the  inclusion  or  exclusion  of  the 
Swiss  curves  becomes  apparent  when  we  compare  these  three  sets 
of  averages  reduced  to  a  common  basis,  as  shown  in  Table  IV. 
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Having  established  our  standard  for  daylight,  all  artificial 
light  sources  which  have  been  compared  with  the  acetylene  or 
with  the  Hefner  lamp  may  be  expressed  in  terms  of  daylight, 
wave-length  by  wave-length.  In  accordance  with  the  usual 
practice,  the  various  ratios  are  reduced  to  a  common  basis  by 
making  both  spectra  of  unit  intensity  in  the  yellow  at  wave- 
length .59. 

Table  V  contains  data  for  the  ratio  to  daylight  for  the 
spectra  of  a  variety  of  typical  illuminants. 

Table  V.    . 

Various  sources  of  light  compared  with  average  daylight. 
(Ratio  at  a  wave-length  of  .59  x  io"~*  cm  =  i.oo.) 


I 

Hefner  Lamp 

II  Acetylene  Lamp 

Wave-lengths       Hefner/ Sky 
in  cm.                     "Iv" 

Hefner/Sky 

"A" 

C2H2/Sk:y 

.700  X  IO~ 

"*        2.670 

2.790 

1.847 

650 

1.860 

1.890 

1. 381 

590 

1.000 

1. 000 

1. 000 

550 

0.700 

0.663 

0.785 

500 

.407 

.380 

.598 

460 

.251 

.223 

.452 

420 

.164 

.145 

.368 

390 

.114 

.114 

•370 

III  PETROLEUM  Flame          IV  Gas  Flame 

V  Glow  Lamp  ( 108V) 

Wave-lengths 
in  cm 

Oil/Sky 

Gas/Sky 

(Carbon  Filament) 
Carbon/Sky 

.700x10"* 

.... 

.... 

1.920 

.690 

2.650 

2.270 

.650 

1.840 

1.695 

I 

382 

•590 

1. 000 

1. 000 

I 

000 

.550 

0.708 

0-753 

0 

770 

.510 

.479 

.560 

.500 

.... 

.... 

581 

.470 

.303 

•397 

.460 

.... 

438 

•430 

.202 

.306 

.420 

.... 

\ 

353 

.3c 

)o 

.... 

.351 
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VI    METAI.LIZED  Filament 


VII    Tantai^um  FiIvAment 


Wave-lengths 

(108-112  V  at 

no  V.) 

At  109.5  ^ 

/. 

iu  cm 

Carbon /CH'2    Carbon/ vSky 

Tantalum/ C2H2      Tantalum/Sky 

.700x10"^ 

1.090 

2.020 

0.970 

1.795 

.650 

1.036 

1-453 

1. 00 1 

1.382 

•590 

1. 000 

1. 000 

1. 000 

1. 000 

.550 

0.945 

0.742 

0.940 

0.740 

.500 

.920 

.550 

.825 

•494 

.460 

.790 

•357 

.682 

•309 

.420 

.600 

.221 

•540 

.200 

VIII      NERNST  FiIvAMENT 

IX    Tungsten  Filament 

Wave-lengths 

At  0.8  Amps. 

at  no  V. 

in  cm 

Nernst/C2H2 

Nernst/Sk} 

•     Tungsten/ C2H2    Tun 

gsten/Sky 

.700x10""* 

0.910 

1.680 

0.860 

I 

•590 

.650 

.990 

1-365 

.923 

I 

.278 

.590 

1. 000 

1. 000 

1. 000 

I 

.000 

.550 

0.955 

0.752 

0.962 

0 

•755 

.500 

.854 

.510 

.946 

.566 

.460 

.747 

.338 

•935 

.422 

.420 

.600 

.221 

.938 

•347 

X    WeIvSbach  ManTi.es 

XI    Welsbach  Mantle 

German  (1894) 

(American  1908) 

Wave-lengths 

New 

Old 

Wave-lengths 

New 

in  cm 

W/vSky           W/Sky 

in  cm 

W/C2H2 

W/Sky 

.670x10"* 

I. 215             I 

•055 

.700x10-* 

0.760 

1.400 

.650 

1-495           I 

•315 

.650 

.840 

1. 160 

.590 

1. 000           I 

.000 

•590 

1. 000 

1. 000 

.550 

0.877           0 

.972 

•550 

1.065 

0.838 

.510 

.723 

.908 

.500 

1.030 

.636 

.470 

•550 

.765 

.460 

1.060 

•431 

.430 

.428 

.660 

.420 

0.80 

.297 

XII    Magnesium  Ribbon 

XIII     Open  Arc  I^amp 

Burning  in  Air 

10  Amps.,  50 

V. 

Wave-lengths 

Wave-lengths 

^  inch  carbons 

in  cm 

Mg/Sky 

in  cm 

Arc/Sky 

.700x10-* 

1-356 

.700x10 

-4 

1.200 

.650 

1. 148 

.650 

1. 140 

.590 

1. 000 

•590 

1. 000 

.550 

1. 116 

.550 

0.9II 

.500 

1.470 

.500 

.692 

.460 

1-675 

.460 

•576 

.420 

2.320 

•425 
•390 

3-55 
.433 
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The  artificial  light  sources  under  consideration  may  con- 
veniently be  grouped  as  follows  : 

Class  I.  The  older  sources  which  owe  their  luminosity  to  ijica^i- 
desceiit  carbon  (flames  and  electric  glow  lamps).  As  regards  the 
quality  of  light  emitted  by  this  class,  the  Hefner  lamp  and  the 
acetylene  flame  may  be  regarded  as  the  extremes  between  which 
the  other  sources  ordinarily  employed  take  an  intermediate 
place.     Candles,  oil  and  gas  flames  are  very  nearly  identical  with 
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the  Hefner  lamp,  and  the  incandescent  electric  lamp  of  twenty 
years  ago  as  commonly  used  on  commercial  circuits  was  scarcely 
to  be  distinguished  in  its  color  from  these.  Improvements  in 
the  conditions  of  combustion  have  gradually  raised  the  tempera- 
ture of  such  of  these  sources  of  light  as  have  continued  to  be  em- 
ployed in  modern  illumination,  bringing  them  nearer  to  the  acety- 
lene flame. 

In  the  case  of  the  Hefner  lamp  the  resulting  curves  take  the 
from  shown  in  Fig.  13,  in  which  L  is  the  curve  forHefner/sky, 
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using  the  daylight  values  for  lower  stations  (excluding  Switzer- 
land), while  A  is  obtained  by  employing  the  general  average  for 
all  skies.  The  slight  difference  between  these  curves  is  of  no 
significance  for  our  present  purpose,  and  all  further  comparisons 
are  therefore  made  with  the  general  average  as  a  basis.  The 
curv^e  marked  CjHg  in  Fig.  13  is  for  the  acetylene  flame. 
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The  curves  for  an  ordinary  flat-flame  petroleum  lamp  and  for 
a  gas  flame  (Sugg's  standard  burner)  are  shown  in  comparison 
with  the  Hefner  flame,  the  curve  for  which  is  marked  (X),  in 
Fig.   14. 

The  data  used  were  selected  from  Miss  Koettgen's^  extended 
spectrophotometric  studies. 

In  order  to  obtain  data  which  apply  to  every-day  conditions  it 
is  necessary  to  take  one's  sources  for  comparison  as  they  are  to  be 
found    in  actual   service.     To   this  end    I   have    recently   made 

'  Koettgen,  1.  c. 
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spectrophotometric  measurements  of  the  ordinary  incandescent 
.lamp  with  carbon  filament,  of  the  tantalum  lamp,  of  foreign  and 
domestic  examples  of  the  tungsten  lamp,  and  of  an  American 
Nernst  filament  and  have  compared  these  with  the  acetylene 
standard  flame  at  the  voltages  specified  by  the  makers.  One  of 
the  new  "metallized"  filament  lamps  maintained  at  the  inter- 
mediate voltage  indicated  was  likewise  measured.  The  results 
of  these  measurements  are  all  included  in  Table  V. 

The  important  characteristic  of  the  newer  high  efficiency 
lamps  with  metal  filaments  consists  in  relative  weakness  in  the 
red,  a  slightly  increased  intensity  of  the  green  and  yellow,  but 
no  preponderance  in  the  blue  and  violet  as  compared  with  acety- 
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lene.  The  tantalum  and  Nernst  filaments,  and  the  so-called 
"metallized"  carbon  filament,  when  of  the  same  brightness  in 
the  yellow,  are  much  weaker  in  the  violet  than  the  acetylene 
flame.  The  spectra  of  these  newer  incandescent  lamps  lie  closer 
in  quality  or  composition  to  acetylene  than  to  the  Hefner  stand- 
ard. Their  differences  as  to  color  are  by  no  means  so  marked 
as  we  are  frequently  led  to  suppose,  and  they  all  fall  properly  into- 
Class  I  rather  than  into  the  groups  to  be  considered  later.  To- 
facilitate  comparisons  the  various  curves  are  given  in  Fig.  15. 

The  change  in  the  distribution  of  intensities  in  the  spectra  of 
these  sources,  when   compared  with  the  radiation    from  carbon^ 
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as  in  the  acetylene  flame  or  the  carbon  filament,  consists,  as 
mentioned  above,  in  relatively  greater  amounts  of  yellow  and 
green  light.  It  is  such  as  to  make  for  increased  efficiency,  when 
measured  in  candle  power  per  watt,  since  the  flow  of  energy  in 
the  red  end  of  the  spectrum  is  great  and  the  luminosity  is  small. 
The  simple  form  of  all  these  curves,  included  in  Class  I, 
indicates  that  the  type  of  radiation  is  very  closely  related  to  that 
which  we  receive  from  the  sun,  differing  from  the  latter  primarily 
on  account  of  the  lower  temperatures.  The  practical  identity, 
as  to  quality  of  flame  sources,  seems  to  indicate  that  the  tempera- 
ture attained  by  carbon  ordinarily  tends  to  a  constant  value 
which  can  be  exceeded  only  by  profoundly  modifying  the  condi- 
tions of  combustion.  In  the  same  way,  considering  the  necessity 
of  stability  and  long  life,  it  may  be  said  that  the  temperatures  at 
which  it  is  possible  to  maintain  carbon,  whether  treated  or  un- 
treated, and  the  various  forms  of  metallic  filaments,  are  not  so  very 
different  in  the  various  cases  and  that  existing  variations  in 
efficiency  are  due  in  part  at  least  to  departure  from  the  ordinary 
black  body  radiation  in  which  the  more  luminous  rays  in  the 
middle  of  the  spectrum  are  relatively  stronger  than  the  red  or 
the  violet. 

Class  II.  Another  class  of  illuminants,  that  i7i  which  the 
source  of  light  co7isists  of  incandescent  oxides,  shows  selective  ra- 
diation. To  this  class  belong  the  lime  light  and  zircon  light, 
the  Welsbach  mantle,  and  the  flame  of  burning  magnesium. 
The  Nernst  glower  likewise,  by  definition  falls  into  this  group, 
although  when  used  under  commercial  conditions  the  quality  of 
the  light,  as  has  been  shown  in  Fig.  15,  has  little  to  distinguish 
it  from  the  ordinary  carbon  sources.  The  extended  series  of 
comparisons  with  acetylene  made  by  Hartman\  which  are  in 
general  agreement  with  the  data  from  my  own  measurements 
given  in  the  present  paper,  indicate  this  clearly.  It  is  well 
known  that  it  is  possible  to  make  glowers  which  furnish  a  qufte 
different  type  of  light,  but  apparently  not,  as  yet,  with  sufficient 
life  or  stability. 

The  remarkable  change  in  the  quality  of  the  lime  light  which 
occurs  within  a  few  minutes  when  a  lime  cylinder  is  exposed  to 
the  oxy-hydrogen  flame  was  described  some  years  ago.-  Since 
this  light  has  fallen  into  disuse,  it  will  suffice  to  recall  the  fact 


'  Hartman,  L.  W. :  Physical  Review,  Vol.  XVII,  p.  05. 

"  Nichols  and  Franklin  :  Am.  Jonr.  of  Science,  Vol.  XXXVIII,  p.  100,  1888. 
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that  the  freshly-ignited  lime  considerably  exceeds  the  acetylene 
flame  in  whiteness.  (I^ime  light/C2  H2  =  5.00  at  ,450  x  io~^), 
whereas  after  ten  minutes  the  ratio  for  the  same  wave-length  is 
about  0.94.  The  zircon  light,  according  to  Miss  Koettgen^ ,  is  a 
trifle  whiter  than  acetylene  (zircon/C2  H2  =  1.18  at  .450)  ^ . 

The  Welsbach  mantle  shows,  as  is  to  be  expected,  very  varied 
qualities,  according  to  the  composition  used  in  its  making,  the 
conditions  of  combustion,  and  the  age  of  the  mantle. 

Mantles  studied  in  Germany  several  years  ago  by  Miss 
Koettgen  exhibited  the  remarkable    weakness    in    the    red,  the 
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pronounced  selective  maximum  at  .650  (yellow)  depicted  in 
Fig.  16.  The  changes  in  distribution  of  intensities  throughout 
the  spectrum  with  age  is  noteworthy,  and  this  peculiarity  was 
amply  verified  by  the  author  of  life-tests  of  such  mantles  with 
the  spectrophotometer.  A  new.  mantle  of  American  make, 
measured  after  one  hour  of  incandescence  (see  curve  x.  Fig.  16), 
had  a  very  different  distribution  and  was  less  strikingly  selective. 
The  flame  of  burning  magnesium  affords  the  most  remarkable 
example,  as  yet  subjected  to  measurement,  of  selective  radiation. 
The  curve  for  the  comparison  of  this  source  with  daylight  is 


1  Koettgen,  1.  c. 

^  All  these  ratios,  where  not  otherwise  speciflert,  are  for  equal  brightness   at 


.590. 
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computed  from  the  determinations  made  by  Rogers.^  (See  Fig.  17.) 
On  account  of  the  importance  of  this  source  of  Ught  in  pho- 
tography, I  give  the  data  from  which  the  Mg/daylight  curve 
was  calculated  in  the  following  table. 


Table  VI. 

Distribution 

of  intensities 

in  the  spectrum  0 

f  the  mag 

flame. 

Wave- Length 

Mg/Gas2 

Mg/Sky 

.700  X  IC 

)-W 

.490 

1.365 

.650 

.610 

1. 149 

.590 

1. 00 

1. 000 

•550 

1.68 

1. 116 

.500 

3.87 

1.470 

.460 

7-50 

1-675 

.420 

16.00^ 

2.32 

The  light  from  magnesium  may  very  probably  be  considered 
as  due  to  two  independent  causes  :  incandescence  at  a  high  tem- 
perature, and  intense  luminescence  of  a  type  giving  a  band  with 
a  maximum  somewhere  in  the  ultra-violet.  When  the  spectrum 
of  the  magnesium  flame  is  equal  to  that  of  daylight  in  the  yel- 
low, it  increases  relatively  towards  the  red  by  reason  of  its 
lower  temperature  of  incandescence,  and  also  towards  the  violet 
because  of  its  luminescence.  At  .400  the  Mg/sky  ratio  un- 
doubtedly reaches  a  value  of  at  least  2.5  with  much  higher 
ordinates  for  still  shorter  wave-lengths.  To  this  extraordinary 
feature  the  actinic  quality  is  due. 

Class  III.  The  remaining  class  of  artificial  light  sources,  the 
spectra  of  which  consist  chiefly  of  a  fezc  or  many  bright  lines, 
are  more  difficult  to  deal  with.  Indeed,  I  know  of  no  simple 
and  direct  way  of  comparing  the  various  flaming  arcs,  the  mer- 
cury arc  or  the  vacuum-tube  light  quantitatively  with  daylight. 
Where  the  number  of  lines  is  very  great  and  well  distributed, 
one  might  apply  the  spectrophotometer  as  to  a  continuous  spec- 
trum and  obtain  an  approximate  result  of  some  significance.  In 
the  mercury  arc  nearly  all  the   light  comes  from  three  narrow 


»  Rogers,  F.  .L:  Am.  Jour,  of  Science,  XLIII,  p.  300. 
'  From  measurements  of  F.  J.  Rogers. 
3  Estimated  by  extrapolation. 
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regions  :  the  two  yellow  lines,  which  for  this  purpose  may  be 
taken  together,  the  green  line,  and  the  brightest  violet  line,  at 
wave-length  .4358. 
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If  we  compare  the  intensity  of  these  lines  with  that  of  the 
corresponding  regions  of  the  spectrum  of  the  acetylene  flame  we 
get  the  results  given  in  Table  VII. 

Table  VII. 

Brightness  of  the  lines  in  spectrum  of  the  mercury  arc,  com- 
pared  with   corresponding   regions   in   spectra  of  the  acetylene 
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flame    and    of   daj^light  (the    ratio   for  the  region  of  the  yellow- 
lines  is  in  both  cases  taken  as  unity). 

Yellow  lines  Green  line  Violet  line 

(•5790--5769)  (-5460)  (-4358) 

Hj,VC?H2  Hir/Sky  Hg/C2H2  Hg/Sky  Hg/C2H2  Hg/Sky 

1. 000  1. 000  3.75  3.00  16.81  7.85 

These  results  are  significant  since,  in  a  way,  they  enable  us 
to  describe  this  source  of  light. 

We  may  take  the  brightness  of  the  yellow  lines  as  unity, 
since  this  region  is  approximately  the  same  as  that  used  in  the 
reduction  of  previous  data  and  thus  compute  the  Hg/Sky  ratios 
for  the  other  lines  as  has  been  done  in  the  table. 

It  wall  be  seen  that  the  mercury  arc  is  nearly  four  times  as 
bright  as  the  magnesium  flame  at  wave-length  .4358  ;  but  this 
tells  us  but  little  by  way  of  comparison,  since  for  great  distances 
on  either  side  the  ratio  is  zero. 

If  we  attempt  to  define  the  quality  of  the  light  of  the  Hg  arc 
by  means  of  its  effect  in  producing  the  three  primary  color 
sensations,  using  for  the  estimate  the  color  curves  of  the  normal 
eye  as  determined  by  Koenig^  and  Dieterici,  we  get  : 

Red  8.4         ;  Green         30.  ;  Violet  50.70, 

whereas   ordinary    daylight    should    produce  these  sensations  in 
equal  intensity  ^. 

The  light  of  the  ordinary  carbon  arc  lamp  partakes  of  the 
nature  of  the  first  and  third  of  our  three  classes.  It  has  groups 
of  bright  lines  superimposed  upon  a  continuous  spectrum. 

Where  the  carbons  are  unimpregnated,  the  only  lines  strong 
enough  to  appreciably  affect  the  quality  of  the  light  are  those  of 
the  band  at  wave-length  .425.  The  curve,  with  respect  to 
daylight  from  measurements  upon  a  direct  current  open  arc  with 
half-inch  carbons,  supplied  with  10  amperes  at  50  volts,  suffi- 
ciently describes  the  character  of  this  source.  (See  Fig.  17  and 
Table  VIII.) 


>  Koenig,  A.:   Wiedeiuaun'.s  Aimalen  22,  p,  572. 

2  Actual  integration  of  the  curves  for  the  three  colors,  wheu  tlic  eye  ia  stimulated 
hy  white  light  gives  tliPifolloAving  result,  which  is  as  near  equality  tis  could  be  expected: 
(Red;  12.56.       Green  ;  12.40.        Violet;  13.02) 
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Table  VIII. 

Distribution  of  intensities  in  the  spectrum  of  a  direct-current 
open  arc  lamp  (lo  amps.  50  volts). 


e-length  in  cm 

Arc/ gas  1 

Arc/Sky 

.700x10""* 

0.45 

1.20 

.650 

0.62 

1. 14 

.590 

1. 00 

1. 00 

.550 

1.30 

O.911 

.500 

1.70 

0.692 

.460 

2.30, 

0.576 

•425 

.... 

3-550 

.420 

3.10 

.... 

•390 

3.80 

0-433 

The  intensity  of  the  violet  band  fluctuates  greatly,  but  the 
value  given  is  a  fair  average  for  the  ordinary  self- regulating 
commercial  lamp.  Its  relative  brightness  is  somewhat  less  than 
twice  that  of  the  corresponding  region  in  the  spectrum  of  the 
magnesium  flame  and  somewhat  less  than  half  that  of  the  violet 
line  in  the  mercury  arc. 

Summary. 

Daylight,  as  to  intensity  and  quality,  is  to  be  regarded  as  the 
normal  stimulus  of  the  human  eye.  At  its  brightest  it  represents 
very  nearly  the  upper  limit  of  intensity  at  which  the  eye  can 
work  without  fatigue  and  injury. 

The  mean  annual  range  in  intensity  is  about  10:1  between 
midsummer  and  midwinter. 

Illumination  (in  the  shade)  is  less  for  unclouded  skies  and 
overcast  skies  than  for  any  intermediate  type  of  sky. 

The  modified  sunlight  which  constitutes  daylight,  varies 
greatly  with  atmospheric  conditions,  but  is  always  bluer  than 
sunlight. 

Average  values  for  the  relation  of  daylight  to  the  light  of  an 
acetylene  flame,  taken  from  115  sets  of  observations  for  various 
parts  of  the  spectrum,  are  used  as  a  standard  with  which  to 
compare  artificial  light. 


1  Nichols  and  Franklin,  I.e. 
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Comparisons  are  given  for  numerous  artificial  sources  of 
illumination  belonging  to  the  following  three  classes  : 

Class      I.    Incandescent  carbon  and  metals. 

Class    11.    Incandescent  oxides. 

Class  III.    Incandescent  vapors  (mercury  arcs,  etc.) 

Of  the  sources  studied,  no  one  approaches  identity  with  day- 
light as  to  composition  although  the  relation  of  Class  I.  to  the 
same  is  a  simple  one  easily  expressed  in  graphic  form.  Class  II 
shows  more  or  less  marked  selective  radiation.  The  bright  line 
spectra  of  Class  III  cannot  be  simply  compared  to  daylight. 

Physical  Laboratory  of  Cornell  University. 
April  i8,  1908. 

DISCUSSION    OF    PROF.     NICHOLS'     PAPER    BY    THE 
NEW  YORK  SECTION. 

Prof.  Hallock — The  science  of  illumination  owes  a  very 
lasting  and  decided  debt  of  gratitude  to  Prof.  Nichols  for  settling- 
several  questions  to  which  he  has  referred;  among  others, 
that  most  forms  of  illumination  are  of  the  same  type  as  day- 
light, and  that  hereafter  we  shall  be  able  to  answer  the  frequent 
inquiry  as  to  which  one  of  the  artificial  sources  of  illumination  is 
most  nearly  like  daylight,  by,  I  presume,  replying  that  none  of 
them  is  near  enough  like  daylight  to  be  worth  while  making  a 
comparison. 

I  was  very  much  interested  in  the  fact,  although  patent 
enough  to  those  familiar  with  distribution  of  energy  in  the  solar 
spectrum,  which  T  had  never  noticed  before,  that  the  maximum 
of  the  visibility  curve  coincided  with  the  maximum  of  energy. 
Of  ccuirse  that  is  a  goal  for  illuminating  engineers  to  strive 
toward,  and  ])erhaps  they  can  get  such  a  source  of  artificial 
illumination  operated  at  a  temperature  of  5,000  or  6,000  degrees. 
However,  it  may  be  borne  in  mind  that  there  is  a  side  entrance 
to  t'lat  goal  that  is  not  (|uite  so  difficult  to  penetrate.  Accord- 
ir^  to  the  researches,  for  example,  of  the  late  Prof.  Langley. 
a  fire-fly,  which  evidently  has  been  developed  under  the  same 
illuminating  conditions  as  those  which  we  have,  has  probably 
rot  only  developed  his  seeing  organisms   to  satisfy  the  illun:ina- 
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tion,  but  he  has  been  able  to  provide  a  source  of  artificial  illu- 
mination which  has  its  maximum  in  the  place  where,  strange 
to  say,  the  maximum  visibility  of  the  human  eye  occurs.  I  think, 
perhaps,  we  have  a  right  to  infer  that  not  only  have  we  developed 
higher  sensibility  to  see  most  efficiently  by  means  of  the  illumi- 
nation which  has  its  maximum  in  the  yellow,  but  even  the  ani- 
mals also  have  developed  a  maximum  for  visibility  effect  in 
the  same  place ;  the  fire-fly  has  a  purpose  for  his  illumination, 
and  probably  the  true  purposes  are  very  well  served  by  the 
sunlight  and  by  his  own  lantern  which  give  him  a  maximum 
of  visibility  in  the  same  place. 

Dr.  A.  H.  Elliott. — I  can  only  echo  the  words  of  Prof.  Hal- 
lock  in  admiring  the  amount  of  work  that  Prof.  Nichols  has  put 
upon  this  problem  during  a  vacation.  It  is  astounding,  the 
amount  of  work  he  has  done  in  so  short  a  time,  and  it  is  pretty 
hard  to  digest  it  in  the  time  we  have  at  our  disposal  this  evening. 

The  thing  that  strikes  me  in  conjunction  with  this  is  the 
relation  it  has  outside  of  illumination,  that  is  the  application 
of  the  idea  to  color  photography.  The  Lumere  brothers  have 
been  working  along  this  same  line,  and  succeeded  in  producing 
color  photographs  by  a  system  of  colored  starch  grains  in 
photographic  plates,  which  seems  to  be  further  advanced  by 
some  of  the  work  Prof.  Nichols  has  done. 

Prof.  Nichols  has  stated  the  proportions  of  violet  green  and 
red  light  that  may  b'e  used  to  produce  white  light.  It  is  note- 
worthy also  that  Dr.  Steinmetz  has  suggested  that  three  colors 
be  superposed  to  obtain  a  standard  of  light  composition.  An  in- 
teresting outcome  of  these  investigations  and  suggestions  would 
be  the  adoption  of  such  a  light  unit. 

Mr.  J.  W.  Hozvell. — I  was  somewhat  surprised,  and  a  good 
deal  pleased,  to  find  that  Prof.  Nichols'  work  brings  the  different 
artificial  illuminants  so  close  together  in  their  characteristics 
when  compared  with  daylight.  He  gives  the  keynote  of  the 
situation  when  he  says  that  all  of  the  lamp  filaments  operate  at 
temperatures  between  i,6oo  and  slightly  over  2,000.  The  tem- 
peratures vary  quite  perceptibly  among  themselves,  but  when 
compared  with  the  temperature  of  the  sun,  which  is  about  6,000 
degrees,  they  are  really  close  together.  Thi»  is  the  secret  of 
their  having  so  nearly  like  characteristics.     Prof.  Nichols*  paper 
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will  be  a  reference  paper  on  this  subject  for  a  long  time  to  come. 
And  I  wish  it  had  been  on  record  before  the  presentation  of 
the  papers  on  the  effect  of  the  dififerent  illuminants  on  the 
human  eve.  If  this  paper  had  been  on  record  the  statements 
made  concerning  the  varying  effects  of  the  illuminants  would 
have  been  modified  somewhat ;  conclusions  were  made  too  hastily, 
and  with  too  little  data.  This  paper  causes  us  to  consider  them 
with  less  alarm  than  we  were  apt  to  consider  them  at  the 
time  they  were  presented. 

Mr.  John  W.  Lich,  Jr. — The  paper  before  us  is  an  unusual 
one  to  be  presented  before  American  societies,  involving,  as  it 
does,  thorough  scientific  research,  and  it  ought  therefore  to  be  all 
the  more  welcome.  This  is  the  kind  of  research  and  careful 
experimentation  which  has  been  too  much  monopolized  by  for- 
eign scientific  investigators.  I  think,  therefore,  that  the  work 
of  Prof.  Nichols  should  meet  with  our  hearty  appreciation,  as 
signalizing  the  appearance  of  the  kind  of  paper  which  will  exalt 
the  work  of  American  scientists. 

Mr.  J.  E.  Woodwell — The  paper  is  valuable  not  only  for 
the  review  which  it  presents  of  the  great  research  work  which 
has  been  done  mainly  abroad,  but  also  for  the  large  proportion 
of  original  matter  which  it  contains.  It  marks,  dne  might  say^ 
a  new  epoch  in  the  work  of  the  Society,  and  in  the  field  of  il- 
luminating engineering,  in  directing  our  specific  attention  more 
to  the  quality  of  the  light  than  to  the  intensity.  We  have  been 
inclined  perhaps  to  attach  too  much  weight  in  the  past  to  the 
intensity  of  illumination,  and  in  developing  our  light  sources 
have  come  to  place  almost  foremost  the  question  of  efiiciency. 

We  have  recently  succeeded  in  securing  the  most  remarkable 
advances  within  the  last  decade  in  the  new  forms  of  tungsten  and 
other  metallic-filament  incandescent  lamps,  etc.,  and  can  now 
turn  our  attention  more  specifically  to  the  question  of  color 
and  quality  of  illumination.  This  paper  presents  some  valuable 
data  which  can  be  well  studied  to  this  end  by  the  illuminating 
engineer  with  a  view  to  its  application  in  our  future  work. 

Mr.  A.  H.  Kellogg. — The  statement  was  made  that  the  light 
from  all  artificial  lamps  is  so  widely  different  from  daylight  that 
to  all   intents  and  purposes    the  lighting  effects  are  the   same. 


DISCUSSION  335 

One  frequently  hears  that  one  or  another  lamp  gives  a  more 
satisfactory  result,  a  light  nearer  to  daylight,  than  others.  The 
tungsten  lamp  is  supposed  to  give  a  very  white  light,  and  it  seems 
to  me,  as  far  as  my  limited  experience  goes,  that  the  true 
color  effects,  in  a  department  store,  for  example,  can  be  better 
detected  by  the  tungsten  lamp  than  by  any  other.  I  would  ask 
whether  all  such  claims  are  wrong,  or  whether  it  is  a  fact  that 
one  form  of  artificial  light  is  better  than  another  for  the 
display  of  goods. 

Mr.  P.  S.  Millar. — Our  artificial  lighting  has  been,  broadly 
speaking,  by  incandescence.  There  is  every  reason  to  believe 
that  the  human  eye  is  satisfied  by  an  illumination  intensity  of 
something  like  3  foot-candles  from  the  artificial  illuminants. 
On  the  other  hand,  with  daylight,  we  are  accustomed  to  work 
with  an  illumination  of  five  or  ten  times  that  intensity.  I  would 
like  to  ask  Dr.  Nichols  what  part,  in  his  opinion,  the  difference  in 
color  value  between  daylight  on  the  one  hand,  and  the  light  from 
artificial  illuminants,  grouped  on  the  other  hand,  plays  in  the 
varying  apparent  demand  of  the  human  eye  for  such  widely 
different  intensities  of  illumination. 

Dr.  Nichols. — It  does  not  follow,  because  two  lamps  pro- 
duce light  of  compositions  that  differ  very  little  from  each  other 
as  compared  with  daylight,  that  therefore  there  is  no  appreciable 
difference  in  the  effects  produced  by  them  in  illuminating  certain 
colors  which  are  affected  by  small  differences. 

A  large  portion  of  the  difference  in  the  demand  of  the  eye 
for  intensity  of  illumination  is  probably  attributable  to  the  dif- 
fuseness  of  daylight  as  compared  with  the  light  from  the  ordi- 
nary means  of  illumination.  I  believe  it  is  an  established  fact 
that  if  in  a  room  with  concealed  lamps  a  person  is  asked  when 
the  light  is  correct  for  reading-  purposes  he  will  demand  consider- 
ably greater  illumination  than,  perhaps  twice  as  much  as,  he 
would  if  incandescent  lamps  are  put  where  they  can  be  seen.  With 
a  candle  held  in  the  hand  illuminating  the  page  and  lighting  a 
sheet  held  in  the  other  hand,  for  some  reason  or  other  we  seem 
to  be  content  with  less  light. 

The  light  of  the  fire-fly  has  been  mentioned  by  Prof.  Hal- 
lock.  This  light  has  one  common  characteristic  with  daylight, 
namely,  its  maximum  lies  in  the  same  region  of  the  spectrum 
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as  the  luminosity  curve  of  the  human  eye.  In  order  to  obtain 
the  highest  possible  lighting  efficiency  the  lamps  should  give 
rays  in  this  region.  It  is  not  likely  that  temperatures  higher  than- 
in  the  carbon  arc  will  ever  be  employed.  However,  in  the  di- 
rection of  luminosity  there  is  a  field  as  yet  almost  untouched. 
High  efficiency  is  obtainable  by  selective  radiation,  but  certain 
difficulties  are  encountered.  Although  luminescent  bodies  exhibit 
a  continuous  spectrum,  and  the  distribution  of  energy  is  of  the 
same  sort  as  obtained  in  temperature  radiation,  yet  it  is  in  the 
form  of  one  broad  band  instead  of  extending  throughout  the 
visible  spectrum  as  in  the  case  of  the  light  of  the  fire-fly.  We  do 
not  know  yet  of  any  phosphorescent  spectrum  in  which  the  band 
is  broad  enough  to  fiilfill  the  conditions  of  ideal  illuminations. 
There  are  cases  of  phosphorescence  at  higher  temperatures  which 
give  all  the  intensity  needed ;  but  it  is  too  high.  It  may  be  that  a 
combination  of  such  substances,  and  making  overlapping  bands, 
we  might  fill  up  a  sufficient  region  of  the  spectrum  to  imitate 
the  white  light  fairly  well.  However,  I  have  measured  with  the 
spectro-photometer  a  great  many  phosphorescent  bodies,  and 
found  all  to  have  the  same  characteristic  band ;  the  band  is 
alwavs  rather  narrow. 


RELATION    OF    DIRECTION    OF   LIGHT    TO    HUMAN 

CONSTRUCTION. 


By  JnO.  J.  SORBER. 


The  last  great  occurrence  in  the  formation  of  the  earth  was 
the  fall  of  the  last  great  ring  or  envelope.  This  was  the  watery 
envelope.  Before  it  fell,  while  the  waters  were  suspended  as  vapor 
in  a  thick  layer  about  the  earth,  no  direct  sunlight  reached  the 
surface  of  the  earth.  The  rays  of  the  sun  striking  this  vapor  be- 
came diffused  so  much  that  there  was  little  or  no  shadow  and  in 
passing  through  this  vapor  the  actinic  or  chemical  rays  were  ex- 
tracted so  that  decay  was  very  slow  to  start.  Beneath  this  the 
temperature  was  very  even  and  the  supply  of  moisture  liberal. 
For  these  reasons  vegetation  grew  more  rapidly,  attaining  gigan- 
tic proportions,  but  required  much  longer  to  reach  maturity  then 
at  the  present  time.  Thus  also  did  it  affect  humanity.  Compared 
with  the  present  as  manhood  age,  men  were  then  but  children  and 
they  lived  much  longer. 

Fermentation,  one  of  the  lirst  signs  of  decay,  was  probably 
unknown.  Without  fermentation  intoxicants  and  intoxication  did 
not  exist.  With  direct  sunlight  came  also  speedier  development, 
a  shorter  and  more  active  life,  quicker  decay,  fermentation  and  in- 
toxicants. We  have  the  story  of  the  queer  antics  of  Noah  with 
his  grape  juice  to  support  this.  He  kne^v  nothing  of  fermenta- 
tion and  with  the  slow  time-consuming  methods  to  which  he  was 
accustomed,  his  grape  juice  became  wine  and  he  got  drunk. 

The  foregoing,  touching  on  some  of  the  unusual  effects  of 
light  which  do  not  appear  in  every  day  problems  such  as  we  now 
have  to  deal  with,  briefly  surveys  the  conditions  up  to  the  time 
of  the  change.  This  change  in  the  method  of  lighting  the  earth 
from  diffused  to  direct  sunlight  was  very  great.  Since  that  time 
we  have  had  pronounced  shadows  and  they  have  become  neces- 
sary to  us  in  forming  correct  ideas  of  shape,  distance,  and  color. 
The  present  arrangement  for  lighting  the  earth  is  simple,  but  im- 
portant— a  large  source  at  a  very  great  distance.  Naturally,  if 
our  seeing  mechanism  were  not  suited  to  this  lighting  previous  to 
the  flood,  it  gradually  adjusted  itself  to  the  new  conditions  and  to- 
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dav  this  method  is  the  correct  one.  On  the  contrary,  had  the 
Creator  ignored  harmony  by  hanging  many  small  suns  close  to 
the  surface  of  the  earth  on  celestial  fixtures,  our  eyes  would  no 
doubt  have  become  adjusted  to  this  latter  method,  and  we  could 
properly  carry  this  scheme  into  our  homes,  business  houses,  and 
gathering  places. 

Certain  it  is  that  physically  we  are  so  constructed  and  our 
ideas  so  firmly  fixed,  from  ages  of  living  under  present  conditions, 
that  were  the  sun  obliterated  and  many  small  suns  substituted,  low 
hanging,  on  fixtures  extending  down  from  the  sky,  the  beauty 
of  the  sky  would  be  sadly  marred  and  seeing  made  more  difficult. 
All  of  us  would  probably  register  a  strenuous  protest  to  have  the 
sun  again  put  into  service. 

Another  phase  is  worthy  of  consideration.  The  direction  of 
light  probably  had  much  to  do  with  enabling  man  to  graduate 
from  the  four-footed  class  and  to  walk  on  two  legs  in  an  upright 
position,  and  also  with  keeping  beasts  on  four  legs.  Should  the 
sun  through  all  these  ages  have  been  just  above  the  horizon, 
humanity  would  wear  its  face  close  to  the  ground  and  be  four- 
footed.  If  the  sun  during  its  daily  lighting  period  had  been  just 
above  the  horizon,  either  in  the  East  or  West,  and  had  humanity 
been  built  as  at  present,  our  movements  would  be  mainly  in  North 
and  South  directions.  That  our  construction  would  not  be  as 
it  is  seems  reasonable,  because  man's  active  time  is  during  that 
part  of  the  day  when  he  receives  light  from  above.  He  ceases 
to  be  active  when  the  light  is  received  horizontally.  Quadrupeds 
are  most  active  when  the  light  is  being  received  horizontally  and 
they  rest  during  the  time  it  is  received  vertically.  It  follows 
then  that  should  the  times  of  activity  be  reversed,  the  forms 
would  be  reversed — man  would  be  a  quadruped  and  quadrupeds 
would  be  bipeds,  with  a  change  at  least  in  some  degree  in  relative 
superiority.  Even  the  fish,  active  and  normally  horizontal  when 
the  sun  is  low,  would  assume  a  vertical  position  with  conditions 
reversed.  The  Esquimaux,  who  has  for  centuries  received  light 
almost  horizontally,  is  already  affected  by  it.  Today  he  is  very 
short  and  rather  wide ;  the  light  at  least  was  a  great  factor  affect- 
ing his  shape  directly  and  indirectly.  At  the  equator  similar  signs 
may  be  found.  For  instance,  the  Pygmies  of  Africa.  Here  the 
heat  prevents  activity  when  the  sun  is  high.  In  both  cases  civili- 
zation has  either  been  slow  or  retrograde.     For  still  another  sign. 
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observe  the  common  impulse  when  facing  a  setting  sun  to  pull 
the  hat  down  in  front,  incline  the  face  forward  and  seek  the 
shadow.  This  points  to  a  reason  why  quadrupeds  never  aban- 
doned the  use  of  fore  legs  as  did  man.  Being  most  active  morn- 
ing and  evening  when  no  bodily  appurtence  shades  the  eye,  be- 
cause it  would  obstruct  vision,  the  quadruped  has  continued  to 
keep  his  eyes  near  the  ground  for  protection  from  the  direct  rays 
of  the  sun.  It  may  be  argued  that  man's  activity  dur- 
ing the  sun's  "high  period"  did  not  cause  him  to  rise 
to  a  vertical  position,  but  that  his  vertical  position  determined 
the  time  of  his  activity.  It  matters  little  which  view  we  may 
hold.  It  is  none  the  less  evident  that  the  direction  permitted  him 
to  raise  his  eyes  relatively  higher  than  the  beast  and  that  were 
the  sun  always  in  a  ''setting"  position,  he  also  would  have  sought 
protection  in  the  same  way  and  this  would  have  thrown  the  arm 
into  service  as  a  bodily  support  to  maintain  equilibrium  by  keep- 
ing the  center  of  gravity  of  the  body  within  the  base  of  support. 

That  artificial  light  has  had  no  bearing  on  form  is  evident 
since  it  is  comparatively  modern.  The  architect,  engineer  and 
user,  knowing  that  human  construction  necessitates  light  from 
above  and  realizing  the  importance  of  shadow,  should  cooperate 
in  applying  to  interiors  the  principle  found  outside.  Difficult 
though  this  may  be,  the  lack  of  efficiency  can  no  longer  be  urged 
as  a  bar  to  its  adoption.  The  cooperation  of  these  three  parties 
seems  to  have  been  without  sufficient  regard  to  the  demands  im- 
posed by  human  construction.  It  must  be  borne  in  mind  that 
during  the  evolution  of  man  he  was  an  "open  air"  animal.  He 
lived,  grew,  and  was  shaped  to  suit  the  open.  This  includes  the 
eye  and  its  setting.  Daylight  diffusion  as  we  find  it  today  inside 
played  no  part  in  developing  the  eye,  for  man's  habitation  was  a 
hole  in  the  side  of  a  hill  and  he  went  there  only  for  protection. 
Getting  back  to  nature  should  be  beneficial  to  the  eye  as  well 
as  to  the  lungs.  Outside  proportions  where  the  distance  from 
the  source  of  light  is  ii,oco  times  the  diameter  of  the  surface 
lighted  obviously  cannot  be  obtained  inside,  because  man  is 
limited  in  his  ability  to  build  interiors,  especially  in  regard  to 
height.  He  must  then  modify  his  light  sources,  both  in  size  and 
number.  This  modification  in  the  past  has  frequently  been  ex- 
tended far  beyond  the  point  where  judgment  tells  us  to  stop, 
and  far  beyond  the  point  now  necessary. 
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The  paucity  of  devices  on  the  market  was  largely  responsible 
for  this,  but  human  beings,  like  sheep,  are  inclined  blindly  to 
follow  the  beaten  path  and  for  no  other  reason  continue  the  use, 
or  because,  of  many  small  light  sources,  hung  low  instead  of  a 
small  number  of  large  sources  at  greater  height.  An  endeavor  to 
obtain  star-light  effects  might  justify  a  great  number  of  small 
sources,  but  they  too  should  be  high. 

Before  man  had  decided  to  move  about  on  two  legs  he  would 
probably  have  been  fairly  well  suited  with  low  light  sources,  and 
interiors  lighted  in  this  manner  would  no  doubt  have  been  popular 
100,000  years  ago.  Conversely  such  interiors  should  have  for 
inhabitants  men  and  women  of  that  by-gone  age.  To  the  proselyte 
to  that  form  of  lighting  this  suggestion  might  be  of  assistance. 
For  a  given  room,  use  only  one  source  in  a  corner,  at  eye  height 
or  low^er,  as  powerful  as  practicable  and  provide  obstructions  in 
lieu  of  rocks  and  bushes,  behind  which  to  crouch  for  protection. 
This  might  be  preferable  to  a  great  number  of  low  hung  units 
from  which  there  is  no  protection  and  should  produce  a  purer 
type  of  savagery. 

Shadows  may  be  by  some  considered  rather  unimportant, 
because  we  seem  to  see  about  as  well  in  diffused  sunlight  as  in 
direct  sunlight.  For  our  requirements  this  may  be  true,  but  were 
our  requirements  greater  it  probably  would  not ;  at  any  rate 
even  on  days  when  there  is  no  direct  sunlight  there  is  considerable 
shadow,  but  there  is  less  sharp  contrast  between  light  and  shadow 
and  because  the  blending  is  gradual,  we  do  not  notice  it.  With 
perfect  diffusion,  if  such  a  condition  existed,  surfaces  would  ap- 
pear much  too  flat.  A  friend  a  few  days  ago  cited  the  lighting 
in  a  photograhper's  studio  to  show  that  with'  perfect  diffusion  and 
no  shadow  we  would  see  very  v/ell.  The  photographer,  if  told 
that  he  had  perfect  diffusion,  would  stand  aghast.  His  endeavor 
is  to  smooth  out  the  harsh  contrast  which  the  camera  has  a  trick 
of  exaggerating.  Ruskin  says :  "Photography  either  exaggerates 
shadow  or  loses  detail  in  the  lights." 

Were  it  not  that  shadows  are  always  present  the  work  of 
the  architect  would  not  seem  so  good — exteriors  particularly.  In 
interiors,  with  the  numerous  light  sources  and  correspondingly 
complex  shadow  effects,  the  problem  seems  more  difficult,  but  the 
adoption  of  the  principle  found  outside  will  no  doubt  simplify  it. 
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The  following  from  Ruskin  concerning  shadows   is  interesting 
and  instructive : 

"They  are  in  fact  commonly  far  more  conspicuous  than  the 
thing  which  casts  them,  for  being  as  large  as  the  casting  object, 
and  altogether  made  up  of  a  blackness  deeper  than  the  darkest 
part  of  the  casting  object,  their  large,  broad,  unbroken  spaces 
tell  strongly  on  the  eye,  especially  as  all  form  is  rendered  partially, 
often  totally,  invisible  within  them  and  as  they  are  suddenly 
terminated  by  the  sharpest  lines  which  nature  ever  shows."  .... 
"Shadows  are  in  reality  when  the  sun  is  shining  the  most  con- 
spicuous things."  ....  "Next  to  the  highest  lights,  all  form, 
is  understood  and  explained  chiefly  by  their  agencv ;  the 
roughness  of  the  bark  of  a  tree  for  instance  is  not 
seen  in  the  light  nor  in  the  shadow — it  is  only  seen  between  the 
two."  ....  "It  is  the  constant  habit  of  nature  to  use  both  her 
highest  lights  and  deepest  shadows  in  exceedingly  small  quantity." 
On  Principles — "Nature  observes,  even  when  she  is  most  work- 
ing for  effect — when  she  is  playing  with  thunder-clouds 
and  sunbeams,  and  throwing  one  thing  out  and  obscuring  another 
with  the  most  marked  artistic  feeling  and  intention ;  even  then 
she  never  forgets  her  great  rule  to  give  precisely  the  same  quan- 
tity of  deepest  shadow  which  she  does  of  highest  light  and  no- 
more."  Again — "For  form  can  only  be  seen  by  shadow  of  some 
kind  or  another."  In  reference  to  the  paintings  of  Turner,  he 
says :  "Powerful  and  captivating  as  his  color  is,  it  is  the  least 
important  of  all  his  excellences,  because  it  is  the  least  important 
of  nature." 

The  importance  of  shadow  in  assisting  us  to  see  things  is^ 
emphasized  by  the  case  in  which  nature  minimizes  its  effect  to 
prevent  us  from  seeing — it  is  that  of  the  wild  fowl — the  upper  and 
dark  colored  portion  in  the  light  and  the  lower  and  light  colored 
portion  in  the  shadow  makes  it  almost  invisible.  Reverse  the  po- 
sition and  it  at  once  becomes  easy  to  see.  With  perfect  diffusion 
there  would  be  no  difference. 

Shadow  depends  on  direction.  We  know  that  the  eye  should 
be  shaded.  Malpractice  in  lighting  might  be  followed  by  irri- 
tated eyes  to  irritated  tempers,  and  so  on,  indirectly  resulting 
in  deaths,  destroying  happiness  and  retarding  progress,  for  very 
little  is  some  times  required  to  change  the  course  of  a  whole  life,, 
and  the  very  lives  necessary  to  propagate  the  race  might  be  lost 
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or  SO  changed  as  to  lose  their  necessary  force.  A  single  case  will 
illustrate  this  more  clearly.  A  workman  has  a  boy,  who,  under 
proper  conditions,  would  be  a  great  inventor,  but  the  father,  due 
to  misplaced  light,  becomes  irritable,  vents  his  irritation  on  wife, 
family  neighbors  and  employers,  loses  his  chances  to  better  him- 
self, earns  less,  moves  to  unhealthy  quarters,  and  the  boy  goes 
to  work  too  young  if  he  doesn't  die,  receives  a  poor  education 
and  gets  no  further  than  his  father.  For  all  he  has  done,  the 
world  stands  still,  simply  because  of  misplaced  light.  A  healthy 
imagination  might  take  direction,  quality,  steadiness,  intensity  or 
a  combination  and  follow  good  or  evil  effects  far  enough  to  indi- 
cate the  great  importance.  I  believe  the  elements  of  proper 
lighting  practice  are  so  important  that  they  should  be  taught 
in  the  public  schools.  No  one  can  estimate  the  value  of  a  better 
knowledge  and  practice  in  health,  happiness  and  progress. 

As  this  paper  is  intended  to  show  the  relation  of  direction 
to  form,  no  attempt  will  be  made  to  determine  sizes  of  lamps, 
fix  heights,   or   establish   center   distances  between  them.     This 
relation   points   to   the   necessity   for   confining   direction  within 
certain  limits,  but  these  limits  may  not  always  be  the  same.     For 
example,   the   limits   may  be  greater   in  places   where   headgear 
is  worn  than  where  custom  impels  us  to  remove  it.     In  accom- 
plishing this   result  probably  a  better   artificial  sky  can  be  ob- 
tained.     This   also   is   a   problem   not   nearly   solved.      Another 
point  of  interest  is  that  the  eye  has  no  natural  protection  from 
light  rays  delivered  from  below,  and  again,  artificial  protection 
cannot  be  interposed  because  it  would  interfere  with  vision.    This 
condition  indicates  that  the  use  of  light  colored  floors  is  injurious 
and  should  be  discontinued.     Snow-blindness  supports  this  view. 
We  might  go  further  and  make  the  application  to  table  covers 
were  it  not  for  the  fear  of  inciting  rebellion  by  running  counter 
to   "good  taste."     As  table  covers  are  a  matter  of  decoration, 
they  can  be  left  for  later  attention,  not,  however,  without  a  word 
of  commendation  for  those  who  have  abandoned  them  in  favor  of 
the  mahogany,  innocent  though  they  may  be  of  any  considera- 
tion for  the  eye.     Walls  effect  the  direction  of  light  considerably 
and  they  may  be  said  to  be  to  interiors  what  the  mixture  of 
trees,  hills  and  sky  is  to  the  exterior. 

It  was  fortunate,  indeed,  for  the  human  race  that  when  the 
•Creator  said  "Let  there  be  light"  the  light  was  from  above,  be- 
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cause  when  man  stood  upright  his  arm  was  no  longer  used  as  a 
support,  and  the  freedom  permitted  the  perfection  of  the  hand,  one 
of  the  chief  means  by  which  he  attained  his  superiority.  The 
hands  used  as  feet  could  help  but  little  in  lifting  him  from 
bestiality,  but  hands  as  hands  are  proving  of  the  utmost  import- 
ance in  his  journey  to  Utopia. 


DISCUSSION    OF    MR.    SORBER'S    PAPER    BY    THE 
CHICAGO    SECTION. 

Mr  W.  R.  Bonham. — The  point  made  by  the  author  rela- 
tive to  the  public  schools  is  very  good.  Our  public  school 
teachers  should  be  required  to  have  at  least  an  elementary  knowl- 
edge of  illumination  so  that  they  can  teach  the  children  the 
proper  position  of  the  body  with  reference  to  the  light  source. 
Children  frequently  place  their  heads  below  their  shoulders, 
thereby  retarding  the  circulation  of  blood  to  their  eyes.  They 
should  be  taught  to  realize  that  the  head  should  be  held  erect 
when  reading.  I  believe  we  are  harming  our  eyes  more  today  by 
using  too  much  light  rather  than  not  enough.  Years  ago,  when 
the  tallow  candle  and  kerosene  lamp  were  in  use,  people  did  not 
experience  trouble  with  their  eyes  as  we  do  at  present.  Mr.  Sor- 
ber  seems  to  go  back  into  the  far  distant  past  looking  for  the 
cause  of  things  and  I  have  wondered  in  view  of  the  fact  that 
his  paper  is  rather  extraordinary  what  caused  him  to  write  such 
a  paper.  We  have  the  effect  and  I  should  like  to  know  the 
cause. 

Mr.  Geo.  C.  Keech. — As  stated  by  Mr.  Sorber  better  illumi- 
nating results  may  be  obtained  from  large  lighting  units  placed 
high  than  from  small  units  placed  low.  I  recall  one  case  in  par- 
ticular where  the  covering  of  a  printer's  composing  case,  his  copy 
and  typestick  were  equally  illuminated  by  using  large  lighting 
units, — a  result  which  could  not  have  been  obtained  with  small 
units.  It  has  been  found  impossible  in  Post  Office  work  with 
small  low-hung  lighting  units  to  illuminate  the  letters  being  dis- 
tributed equally  as  brilliantly  as  the  spaces  into  which  the  letters 
were  being  thrown.  In  each  of  these  cases  uniformity  of  illu- 
mination is  desirable  in  order  to  prevent  injury  to  the  eyes. 

Mr.  R.  W .  Hictt. — An  oculist  has  cautioned  me  against  us- 
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ing  white  paper  for  drafting,  especially  when  working  at  night  or 
for  any  considerable  length  of  time  during  the  day.  I  have  found 
from  experience  that  blue  typewritten  matter  does  not  tire  the 
eyes  so  much  as  black.  Moreover,  cream-colored  paper  causes 
considerably  less  trouble  to  the  eyes  than  white  glazed  paper. 
One  oculist  told  me  that  a  considerable  portion  of  his  business 
was   caused   by  poorly   lighted   drafting   rooms,   etc. 

Chairman  J.  R.  Cravath. — There  is  no  doubt  that  the  glazed 
papers  that  have  come  into  use  with  half-tone  engravings  have 
been  somewhat  in-jurious  to  our  eyes.  With  such  paper,  reading 
is  a  strain  on  the  eyes  unless  the  light  strikes  the  paper  at  the 
proper   angle. 

Mr.  Sorher — In  reply  to  the  question  as  to  the  reason  for 
presenting  the  paper  of  the  evening,  I  may  state  that  the  prin- 
cipal one  was  an  endeavor  to  establish  a  basis  for  correct  practice 
in  illuminating  engineering  from  which  to  work,  instead  of  work- 
ing backwards,  as  we  seem  to  have  been  doing  in  the  past. 

In  regard  to  the  use  of  artificial  light,  I  believe  it  will  not 
prove  injurious  if  properly  utilized.  Experience  shows  that 
we  do  not  need  as  much  sleep  as  there  are  night  hours.  If  the 
human  race  breaks  down  from  over-time  work,  it  will  probably 
stop  such  work  and  go  to  bed  earlier. 


\ 


THE  LIGHTING  OF  A  SMALL  SHOE  STORE.— A  PROB- 
LEM IN  ILLUMINATING  ENGINEERING.* 


The  accompanying  illustration  shows  a  plan  of  a  small  shoe 
store  for  which  a  proper  lighting  equipment  is  to  be  selected. 
The  distance  from  the  ceiling  to  the  floor  is  ii  feet;  that  from 
the  bottom  of  the   window  to  the  ceiling  is  9  feet.     Goods  to 
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be  displayed  in  the  window  will  be  arranged  along  only  the  floor 
of  the  window  ;  that  is  9  feet  below  the  ceiling.  The  walls  are 
colored  buff,  and  the  woodwork  has  a  natural  finish. 


THE    LIGHTING   OF   A   SHOE    STORE   WITH  INCAN- 
DESCENT ELECTRIC  LAMPS. 


By  H.  V.  Allen. 


The  following  recommendations  are  offered  as  to  the  lighting 
with  incandescent  electric  lamps : 


GENERAL    ILLUMINATION. 


Four  ''Economy"  diffusers,  each  equipped  with  three  60-watt 
and  3  1 00- watt  clear-bulb  tungsten  lamps  should  be  hung  at  a 
height  of  ten  feet  from  the  floor,  outlets  being  arranged  in  the 
middle  line  of  the  store  equally  spaced  12  ft.  9  in.  apart. 


*  Presented  at  a  meetin,!?  of  the  New  England  Section  held  on  April  14. 
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LOCAL  ILLUMINATION. 

One  6o-watt  tip-frosted  tungsten  lamp  with  prismatic  bowr 
reflector  frosted  on  the  inside,  should  be  used  at  the  cashier's 

desk.  Each  window  should  be 
equipped  with  two  loo-watt  tip- 
frosted  tungsten  lamps  with  pris- 
matic reflectors  frosted  on  the 
inside.     The    front    of    the    glass 

a  OOiWatt  Lamps  and 

3.160  Watt  Lamps  Combined  shouM    bc    opaqucd    from   the  top 

r^  ,  to  a    distance   sufficient  to  prevent 

Ai'i'AKE^T    Distribution   of    Light  -t^ 

AT    A    Distance    of    Ten    Feet    with     the     laUipS     COmiug     in      dirCCt      liuC 
"Economy"  Diffuser.  r    ^'icrhf 

The  above  recommendations  are  made  in  order  to  obtain  the 
following  results : 

1.  The  store  has  the  appearance  of  added  height  by  instal- 
ling the  lighting  units  near  the  ceiling. 

2.  There  is  as  small  a  number  of  light  sources  as  is  consist- 
ent with  uniform  illumination. 

3.  Intrinsic  brilliancy  of  the  unit  is  not  sufficiently  great  to 
fatigue    the   eye    and    thereby    decrease    the    real    illuminating 

efficiency. 

4.  The  circuits  are  so  arranged  that  three  steps  of  illumi- 
nation may  be  obtained  without  any  sacrifice  of  uniformity. 

5.  The  fixture  is  so  designed  that  the  temperature  of  the 
lamps  is  kept  within  safe  limits,  and  the  decrease  in  life  due  to 
frosting  is  avoided. 

The  intermediate  value  of  illumination  using  300  watts  per 
fixture  or  1.06  watts  per  sq.  ft.  is  recommended  for  working 
conditions.  The  180-watt  combination  is  intended  for  use  as  an 
auxilliary  to  daylight.  The  480-watt  combination  should  be  em- 
ployed only  on  special  occasions  when  conditions  will  justify  the 
use  of  high  intensity  of  illumination. 


THE   LIGHTING   OF   A  SHOE  STORE  WITH   NERNST 

LAMPS. 

By  A.  T.  HoLBROOK. 

The  lighting  of  a  shoe  store  is  a  science  in  itself.  It  is  neces- 
sary not  only  that  the  store  should  present  a  well-lighted  appear- 
ance, but  that  the  value  and  volume  of  light  should  be  in  places 
where  it  is  most  needed,  that  is,  at  the  utmost  extremities  reached 
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by  the  light  rays.  All  shoes  are  sold  on  the  customer's  foot.  The 
presentation  of  the  shoe  as  to  fit,  shape,  color  and  appearance  are 
studied  by  the  customer  from  an  elevation  of  from  three  to  four 
feet  from  the  floor,  and  he  must  be  presented  with  the  article  un- 
der the  most  favorable  conditions  of  lighting  in  order,  to  effect  a 
sale  readily.  A  poor  lighting  arrangement,  or  one  which  shades 
or  shadows  the  shoe  so  that  it  does  not  stand  out  clearly,  usually 
results  disastrously  to  the  shoe  dealer,  while  under  more  favorable 
lighting  conditions  the  sale  would  be  readily  effected. 

The  maximum  intensity  of  illumination  and  the  clearest  and 
best  light  in  a  shoe  store,  should  be  approximately  one  foot 
from  the  floor.  An  ideally  lighted  shoe  store  has  a  good  value 
of  illumination  on  the  shelves  and  side  walls,  for  the  salesman  is 
oftentimes  in  a  hurry  and  he  should  be  able  to  distinguish  mark, 
size  and  color  from  the  floor,  regardless  of  whether  the  boxes  are 
within  reach  or  on  the  topmost  row.  He  should  be  saved  from 
mistakes  which  consume  valuable  time  and  irritate  an  impatient 
customer.  In  order  to  be  able  to  distinguish  the  marks,  there 
must  be  more  than  a  ''reading"  value  of  light  even  to  the  highest 
point  reached  by  the  boxes. 

A  shoe  salesman  operates  under  a  peculiar  disposition  of 
mind  while  he  is  making  a  sale,  and  is  carrying  in  his  mind's  eye 
what  he  considers  to  be  an  ideal  fit  and  shape  that  would  be  most 
pleasing  to  the  customer.  In  order  that  he  may  carry  this  vision 
clearly  and  unhampered,  ample  illumination  must  be  supplied  on 
all  sides. 

A  lighting  installation  which  would  have  all  of  the  before- 
mentioned  characteristics  would  consist  of  six  two-glower  Nernst 
lamps,  fitted  with  bell-shaped  prismatic  shades  and  clear  heater 
cases,  the  lamps  being  hung  directly  from  the  ceiling  on  suitable 
supports,  bringing  the  top  of  the  lamps  as  near  to  the  ceiling  as 
convenient.  The  glowers  are  thus  brought  down  12  in.  from  the 
ceiling  and  10  ft.  from  the  floor. 

In  figuring  the  illumination,  the  angles  have  been  taken  from 
the  point  where  the  light  from  the  glowers  meets  a  10  in.  per- 
pendicular line  reaching  from  the  floor  toward  the  ceiling.  The 
lamps  are  spaced  6  ft.  apart  across  the  width  of  the  room,  making 
6  ft.  from  wall  to  lamp  and  12  ft.  from  lamp  to  lamp,  and  7  ft. 
apart  down  the  length  of  the  room,  7  ft.  from  the  front  wall  to 
the  lamp  and  14  ft.  from  lamp  to  lamp,  making  two  rows  of  three 
lamps  each.     The  area  to  be  illuminatetd  by  the  six  lamps  does 
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not  include  5  ft.  in  depth  by  24  ft.  in  width  in  the  rear,  the  area 
occupied  by  the  cashier's  desk  and  the  boot  black  stand  and  also 
shelving,  etc.;  these  are  specially  lighted  by  two  iio-watt  single- 
glower  Nernst  lamps.  One  of  these  lamps  is  on  a  drop  cord, 
directly  over  the  cashier's  cage,  2  ft.  6  in.  from  the  ceiling,  the 
glower  reaching  a  point  8  ft.  from  the  floor.  The  other  lamp  is 
hung  midway  between  the  side  wall  and  the  outside  of  the 
cashier's  cage,  3  ft.  from  the  end  wall  on  a  lamp  cord  2  ft.  6  in. 
from  the  ceiling. 

The  electric  consumption  per  square  foot  of  floor  area  is  1.24 
watts.  The  windows  are  assumed  to  be  of  the  false  ceiling  pat- 
tern, boxed  in  at  the  3  ft.  Ime  from  the  glass  in  the  usual  sweat- 
box  style.  The  rear  line  of  the  window  has  a  doorway  to  allow 
for  entrance  and  egress  for  dressing  and  cleaning.  The  ceiling 
is  assumed  to  be  8  ft.  from  the  floor  of  the  window,  and  without 
rise  and  pitch  ;  the  windows  thus  being  3  ft.  wide  and  approx- 
imately 10  ft.  long  are  to  be  lighted  by  three  iio-watt  Nernst 
lamps  fitted  with  clear  balls  and  special-designed  mirror-lined 
window  reflectors,  the  reflector  to  be  of  the  shovel  type,  placed 
directly  against  the  glass  facing  the  window  and  projecting  the 
light  directly  into  the  window  and  against  the  goods. 

It  will  be  seen  that  this  arrangement  will  eliminate  all  sha- 
dows in  front  or  between  the  outside  and  the  goods,  and  that  the 
goods  will  present  a  shapely,  defined  and  clear  cut  appearance,  at- 
tractive to  the  eye  and  in  accordance  with  the  manufacturer's  de- 
sign. The  shades  themselves,  projecting  12  in.  below  the  false 
ceiling  are  hidden  either  by  a  band  painted  across  the  window, 
or  by  a  reflector  with  the  false  ceiling,  or  by  a  strip  about  16  in. 
in  width  placed  entirely  across  the  window. 

The  windows  will  thus  use  a  maximum  of  10  watts  per  sq. 
foot  of  floor  sjj^ce  and  receix-cau  ilhuuination  of  9.2  foot-candlcs  at 
all  points.  The  store  proper  is  very  evenly  lighted.  A  cross-sec- 
tion diagram  across  the  width  would  show  2.5  foot-candles  direct- 
ly underneath  the  lamps,  1.89  foot-candles  midway  between  the 
two  lamps,  1.12  foot-candles  at  the  corners,  1.09  foot-candles 
three  feet  from  the  floor,  .876  foot-candles  at  a  point  6  ft.  from 
the  tloor  and  .78  foot-candles  9  ft.  from  the  floor.  The  total  elec- 
trical power  is  1,936  watts — 1,276  for  the  store  and  660  for  the 
Vvindows.  The  value  for  the  watts  per  sq.  ft.  is  1.25  over  the 
store  area. 


THE   LIGHTING  OF   A   SHOE   STORE   WITH   INCAN- 
DESCENT GAS  LAMPS. 


By  H.  M.  Daggett,  Jr. 


Leaving  out  the  spectacular  or  advertising  use  of  lamps, 
store  illumination  divides  itself  into  two  parts,  outdoor  illumina- 
tion and  indoor  illumination.  There  are  a  good  many  stores 
using  lamps  over  the  sidewalk.  Some  use  them  for  wholly  or 
partially  lighting  the  inside  windows  by  the  aid  of  special  angle 
reflectors  and  one-half  sand-blasted  vertical  globes.  I  do  not 
consider  this  plan  good,  because  a  brilliant  exterior  illumination 
requires  more  light  inside  than  would  otherwise  be  necessary. 
The  greater  the  contrast  between  the  light  inside  and  outside, 
the  better  lighted  will  the  window  appear  and  the  better  the 
goods  on  display  will  be  exhibited.  Therefore,  I  do  not  advocate 
the  use  of  outside  lighting  where  proper  inside  window  lighting 
can  be  accomplished. 

There  are  no  particular  specifications  about  the  windows 
except  that  they  are  three  feet  wide  and  approximately  eight 
feet  long.  I  should  recommend  making  the  windows  dust  tight 
and  placing  a  false  ceiling  or  deck  i8  inches  below  the  main  store 
ceiling.  This  arrangement  leaves  the  height  of  deck  7^  feet 
above  the  window  floor.  The  deck  should  be  made  with  a  rec- 
tangular opening  in  its  center,  12  inches  wide  by  the  length  of 
the  window,  into  which  is  placed  a  ground  glass  of  the  same 
size. 

Directly  over  the  glass  in  each  window  are  to  be  placed 
seven    "Reflex"    inverted   gas   lamps,    approximately    12    inches 


Fig.  1.     Gas  Lamp  and  Prismatic  Reflector. 


between  centers,  equipped  with  No.  6333  Holophane  concentrat- 
ing reflectors.  (Fig.  i.)  The  mean  spherical  candlepower  of  this 
unit  is  taken  as  54.     Seven  lamps  would,  therefore,  give  378 
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total  spherical  candlepower  for  each  window  of  approximately 
24  square  feet.  Allowing  30  per  cent,  for  absorption  of  the 
ground  glass  leaves  264,  or  an  average  of  12  mean  spherical 
candlepower  per  square  foot  of  floor  space.  Every  closed  win- 
dow should  be  ventilated  to  prevent  freezing,  whether  or  not  the 
lamps  are  inside,  and  it  is  recommended  to  leave  an  open  trough 
of  generous  size  in  the  front  floor  of  the  window,  covered  on  top 
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Pig.  2.     Electkic  Spark  System. 


by  the  usual  copper  gutter  but  left  open  under  the  inside  edge. 
This  opening  should  preferably  be  connected  with  the  outside 
air,  as  cellar  atmosphere  is  often  damp  and  would  of  itself  cause 
frosting  of  the  glass.  There  should  be  an  outlet  for  the  air  in 
some  inconspicuous  part  of  the  ceiling.  A  good  circulation  of 
outside  air  will  prevent  any  window  from  frosting. 

If  is  often  desired  to  partially  light  the  windows  as  dusk 
comes  on,  and  for  this  reason  it  is  recommended  to  double-pipe 
each  window  so  that  part,  or  all,  of  the  lamps  may  be  used.  By 
placing  a  main  cock  behind  each  separate  line  cock,  only  one 
operation  is  necessary  to  light  the  entire  window.  The  cocks  for 
bath  windows  should  be  placed  at  one  convenient  point. 

The  high-tension  electric  spark  is  the  system  I  should  use 
for  the  lighting.  (Fig.  2.)  All  of  the  14  lamp  spark-gaps  may  be 
connected  in  series  and  the  push  of  a  button  will  light  any  line 
or  all  the  lamps  according  to  the  cock  turned.      By  turning  No. 
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I  and  pushing-  the  button,  all  the  lamps  are  instantly  lighted. 
If  only  one  line  is  desired  to  be  used,  turn  off,  for  example, 
Nos.  3  and  5,  when  by  turning  key  No.  i  the  lamps  on  line  4 
are  lighted.  All  of  the  cocks  may  be  placed  in  a  cabinet  for 
that  purpose  and  the  pipes  concealed,  the  batteries,  induction  coil 
and  push  button  being  in  another,  thus  having  all  of  the  mechan- 
ism  out   of   sight.     By   connecting  cock   No.    i    with  a  simple 
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Fig.  3.     Gas-Pipikg  System. 

time-shut-off  clock  (Fig.  3)  the  windows  lamps  may  be  left  on, 
and  automatically  shut  off  at  any  time  desired. 

These  details  are  gone  into  on  this  part  of  the  description 
because  it  is  sometimes  not  known  that  such  conveniences  may 
be  had  with  systems  of  gas  lighting. 

The  candlepower  curve  of  the  "Reflex"  lamp  with  No.  6333 
Holophane  reflector  is  shown  in  Fig.  4:  Its  maximum  cp.  in  the 
vertical  direction  is  314-317  at  10  degrees  from  vertical,  250  ac 
20  degrees,  and  116  at  30  degrees.  Covering  an  angle  of  40 
degrees  directly  under  the  lamp  there  are  concentrated  more 
than  250  cp.  For  this  reason,  it  is  an  admirable  reflector  for  the 
lighting  of  windows  where  the  units  may  be,  and  are  desired  to  be, 
placed  close  together.  By  the  insertion  of  a  one-sided  ground 
glass  (smooth  side  up)  the  light  is  materially  softened  and 
broken  up,  as  well  as  reduced.  I  do  not  know  the  exact  redis- 
tribution of  light  from  this  arrangement,  but  have  made  a  curve 
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Fig,  4.     Light  Distribution  from  Gas  Lamp   with  Prismatic  Reflector^ 


Fig.  5.     Illumination  with  Seven  Gas  Lamps  and  Prismatic  Shades. 
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showing  the  foot-candles  on  the  floor  of  the  window  (Fig.  5)  after 
estimating  30  per  cent,  absorption  for  the  ground  glass. 
The  curve  would  be  very  much  flatter  than  it  appears,  due  to 
the  eflfect  of  the  ground  glass.  The  foot-candle  value  is  high — 
average  about  16 — but  not  excessive  for  showing  black  goods. 
Practically  all  the  light  is  thrown  on  the  goods ;  the  small 
amount  distributed  upwards  is  amply  sufficient  for  lighting  an 
18-inch  sign-transparency  in  the  upper  part  of  the  window. 
This,  beside  being  a  good  advertisement,  keeps  the  lamps  in  the 
window  out  of  sight. 

The  intrinsic  brilliancy  of  the  ground  glass  is  very  low  and 
offers  absolutely  no  attraction  to  tlie  window  gazer  (unless  inter- 
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Fig.  6.       Well-Lighted  Store  Window. 

ested  in  lighting)  and  the  goods  are  show^n  off  in  their  true 
qualities.  A  window  with  this  illumination  is  plainly  visible  from 
the  sidewalk  several  stores  away.  One  cannot  help  but  be  at- 
tracted by  it,  and  cannot  but  look  at  the  goods  which  stand  out 
so  prominently,  and  which  give  the  whole  window  the  effect 
of  a  beautiful  picture.     No  one  would  think  of  lighting  a  picture 
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by  placing  bare  lamps  around  the  frame,  or  by  hanging  a  clus- 
ter of  fancy  lamps  directly  in  front  of  it,  and  I  cannot  imagine 
why  these  things  are  done  with  show  windows. 

Another  advantage  of  this  form  is  that  one  is  not  required  to 
get  into  the  window  or  disturb  it  in  any  way  when  trimming 
the  lamps. 

The  store  lighting  proper  may  be  divided  into  general  illu- 
mination and  special  illumination,  such  as  office,  desk,  showcase 
or  special  lighting  needed  to  display  goods  during  the  actual  sale. 
In  the  example  being  treated,  the  store  is  practically  all  open  or 
nearly  free  from  the  need  of  special  lighting.  Our  plan  will, 
therefore,  be  to  give  the  store  such  general  lighting  that  it  will 
take  care  of  all  cases  except  the  office,  stairway  and  blacking- 
stand. 

The  location  of  the  seats  for  trying  on  shoes,  as  shown  on 
the  plan,  is  a  little  off  from  the  center  of  the  store,  and  it  might 
be  considered  advisable  to  light  them  specially.  By  giving  ample 
general  lighting,  this  is  not  considered  necessary.  The  plan 
shows  no  reason  for  not  moving  tliem  to  the  center  of  the  room 
where  they  would  be  equally  lighted  on  both  sides  by  the  scheme 
of  general  lighting  in  mind.  I  should  recommend  this  change. 
Behind  the  blacking-stand,  I  should  place  an  inverted  No.  13 
bracket  with  a  ''Reflex"   lamp,  bypass  and  a  5-inch  ball  Verra 


Fir..  7.     Gas  Lamp  with  Sand-Hlastp;d  Cylinder. 

Krasna  globe  with  bottom  sand-blasted  cylinder  (Fig.  7).  This 
arrangement  would  enable  one  in  the  chair  to  read  a  paper  in 
the  accustomed  position  ;  that  is,  with  the  lamp  to  the  back  and 
left  of  the  reader.  The  Verra  Krasna  globe  is  the  best  light 
diffuser  (^f  which  I  know.  It  appears  evenly  illuminated  on 
every  inch  of  its  surface.  Its  intrinsic  brilliancy  is  low,  on  this 
account,  but  the  absorption  is  not  as  great  as  might  be  imagined, 
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being  about  lo  per  cent,  more  than  a  French  rough  or  inside 
sand-blasted  globe.  It  is  selected  for  this  position  on  account  of 
the  reader  being  very  close  to  the  lamp,  and  a  strong  light  would 
therefore  be  undesirable. 

Figure  8  shows  the  candle  power  curve  of  the  ''Reflex"  lamp 
with  this  globe  and  cylinder,  being  70  cp.  in  the  vertical  and 
gradually  diminishing  to  50  cp.  on  the  horizontal. 

The  cashier's  cage  is  assumed  to  have  a  desk  on  the  long 
side  toward  the  store  front.  Probably  one  cashier  is  all  that 
would  be  required  and  she  would  probably  sit  near  the  end  of 
the  office,  toward  the  blacking-stand,  in  front  of  the  usual  cash- 
ier's window.  Behind  her  chair,  I  should  install  a  two-lamp 
chandelier,  24-inches  long,  on  which  would  be  placed  two  "Re-. 
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Fig.   8.     Candle    Power  Curve  of  Re- 
flex Lamp  AND  Verra  Krasna  Globe. 


Fig.  9.  Candle  Power  Curve  of  Re- 
flex Lamp  with  Flat  (^)pal  Shade  and 
Sand-Blasted  Cylinder. 


flex"  lamps,  bypasses.  No.  503  flat  shades  and  bottom  sand- 
blasted cylinders.  From  this  fixture,  if  both  lamps  were  used, 
the  light  would  be  directed  from  above  and  behind  her,  from 
her  left  and  from  her  right.  This  would  reduce  shadows  from 
her  pen  to  a  minimum.  The  value  for  the  foot-candles  on  her 
desk  four  feet  above  the  floor,  from  these  two  lamps  hung  24 
inches  from  the  ceiling,  would  be  about  6.  This  arrangement 
would  be  adequate  for  a  second  employee  sitting  at  the  cashier's 
right  or  for  the  manager,  if  he  had  a  desk  on  the  side  of  the 
room  away  from  the  blacking-stand.  By  having  two  lamps 
here,  it  is  possible  to  light  up  partially  on  a  bright  day,  by 
the  use  of  one  lamp,  or  both  may  be  used  as  required.  Fig.  9 
shows  the  candle  power  curve  of  this  lamp. 

For  lighting  the  stairway,  I  have  never  seen  a  lamp  more 
satisfactory  than  one  having  its  rays  entirely  shielded  from  the 
person  going  down     stairs.     Most  stair  accidents  are  caused  by 
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not  properly  judging  the  top  step.  A  lamp  throwing  a  strong 
illumination  on  the  first  step  and  all  the  way  down  the  stairs  and 
entirely  shielding  the  eye  of  the  passer  is  ideal.  Such  a  unit 
is  embodied  in  the  "Reflex"  lamp,  bypass  and  No.  445  green- 
plated  angle-shade  as  shown  in  Fig.  10.  This  lamp  should  be 
hung  seven  feet  from  the  floor  in  which  position  it  would  give 
about  3^  foot-candles  on  the  floor,  directly  under  the  lamp. 
This  is  very  much  more  light  than  is  generally  found  in  such 


/tftf        '7/ 

Figs.  10  and  11.     Lamp  with  Angle  Shade  and  Light  Distribltion. 


places.  It  might  be  criticized  as  shining  directly  in  one's  eyes, 
when  coming  up  the  stairs,  but  as  a  matter  of  fact  one  seldom 
looks  up  as  high  when  ascending  steps,  for  he  is  generally  look- 
ing at  the  steps  just  ahead  of  him  and  does  not  get  his  eyes  in 
the  direct  range  of  vision  of  a  lamp  thus  placed.  Fig.  ii  shows 
the  candle  power  curve  of  this  unit. 

For  lighting  the  store  proper,  two  plans  suggested  them- 
selves: First,  to  place  single  lighting  units  at  proper  intervals 
so  as  to  get  a  good  distribution.  After  comparing  the  appearance 
of  this  system  in  stores  actually  using  it  with  others  using  clusters 
of  lamps  at  less  frequent  intervals,  there  was  no  doubt  in  my 
mind  which  made  the  better  artistic  appearance.  For  this  reason, 
I  have  chosen  a  three-lamp  chandelier,  No.  8714,  equipped  with 
"Reflex"  lamps,  bypasses,  No.  503  9-inch  flat-opal  reflectors  and 
sand-blasted  bottom  inner  cylinders.  Fig.  12  shows  the  fixture 
in  two-lamp  form :  The  fixture  should  be  made  24  in.  over  all, 
thus  placing  the  lamps  9  ft.  from  the  floor  or  8  ft.  above  the  shoe- 
fitting  stool.  The  amount  of  light  has  been  computed  on  this 
plane,  one  foot  above  the  floor.  The  floor  illumination  would 
be  slightly  less.     In  a  store  of  this  size,  it  is  advisable  to  place 
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the  lamps  as  high  as^  possible.  This  method  gives  the  store  an 
appearance  of  roominess.  With  a  higher  ceiling,  I  should  place 
the  lamps  still  higher,  in  order  to  keep  them  well  out  of  the  range 
of  vision. 

The  illumination  on  a  plane,  i  ft.  from  the  floor  or  8  ft. 
from  the  source  of  light,  was  calculated  for  one  of  the  three- 
lamp  clusters,  assuming  the  three  lamps  concentrated  in  a  single 
unit.  This,  of  course,  is  not  an  accurate  method,  but  the  results 
approximate  closely  enough  for  this  practical  problem.  It  was 
found  that  the  value  of  the  foot-candles  directly  under  the  unit 


W 


Fig.  1"2.     Two-Lamp  Gas  Fixture. 

was  2.8,  and  dropped  oflF  at  a  distance  of  6.y  ft.  from  the  per- 
pendicular, to  1.2  ft.-candles.  From  this  calculation  it  was  be- 
lieved that  the  clusters  placed  approximately  12  ft.  apart  would 
give  a  fair  distribution ;  the  curve  of  illumination  as  plotted  is 
shown  in  Fig.  13,  which  shows  the  individual  curves  from  two 
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blasted Cylinders. 


clusters,  12  ft.  apart,  and  also  their  combined  curve.  The  curve 
indicates  a  fair  illumination  between  lamp  centres;  as  approxi- 
mately 12  ft.  was  a  convenient  distance,  it  was  decided  to  place 
the  lamps  accordingly.     The  store  was  laid  out  in  8  rectangles 
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i6y2  ft.  wide  (^  tlie  distance  between  shelves  on  either  side) 
and  113^  ft.  long  (j4  the  length  of  store  exclusive  of  show  win- 
dow). In  the  centre  of  seven  of  these  spaces  (all  except  the 
section  occupied  by  the  office)  is  to  be  hung  a  three-lamp  chande- 
lier as  before  mentioned. 

Without  taking  into  consideration  the  increase  of  illumina- 
tion through  reflection,  which  would  be  considerable  from  buff 
walls  and  shelves  full  of  white  shoe-boxes,  the  illumination  under 
a  cluster  would  be  about  3.2  foot-candles  and  midway  between 
clusters  about  2.8  foot-candles  or  an  average  of  about  3.1  foot- 
candles.  Each  lamp  is  an  independent  unit  and  one,  two  or 
three  on  each  chandelier  may  be  used  as  desired,  each  being 
lighted  by  simply  pulling  its  chair. 

No  special  illumination  has  been  planned  for  lighting  the 
shelves.  The  good  general  illumination  and  the  excellent  re- 
flection are  considered  ample  for  enabling  one  to  read  readily 
the  figures  on  the  shoe  boxes.  The  illumination  on  the  shelves  3- 
feet  from  the  floor  is  about  i^,  and  9  feet  from  floor,  3.18  foot- 
candles. 

By  using  such  a  lamp  placed  9  feet  above  the  floor,  we  have 
a  very  satisfactory  illumination  from  any  standpoint  considered. 
The  general  effect  on  the  whole  is  most  artistic  and  pleasing,  and 
from  the  street  the  appearance  is  that  of  a  very  brightly  lighted 
store  without  seeing  any  large  or  brilliant  individual  lamps.  I 
feel  that  a  store  should  have  at  least  an  average  of  3  foot-candles 
of  well  diffused  light  on  the  lighting  plane  for  general  illumina- 
tion. This  is  necessary  to  give  it  the  appearance  of  brightness, 
cheerfulness  and  welcome.  This  is  the  appearance  which  pulls 
and  holds  customers,  sells  goods  at  a  profit  and  brings  success. 

The  total  number  of  lamps  to  be  used  are  as  follows : 

Store  Proper 21 

Blacking  Stand i 

Cashier's  Cage    2 

Stairway    i 

Windows    14 

39 

Each  lamp  will  consume  not  over  3  cu.  ft.  of  gas  per  hour, 
or  a  total  of  not  over  117  cu.  ft.  per  hour.  The  pilot  lamps  will 
burn  about  1/12  cu.  ft.  per  hour  each,  or  a  total  for  the  25  pilots 
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of  less  than  3  cu.  ft.  per  hour.  The  entire  total  is  120  cu.  ft.  per 
hour.  The  average  hours  per  day  burning  generally  used  for  a 
store  is  three.  Figuring  three  hours  per  day  at  120  cu.  ft.  per 
hour  and  adding  63  cu.  ft.  for  the  pilots  for  the  remaining  21 
hours,  gives  a  total  of  423  cu.  ft.  per  day  for  the  gas  consumption. 
This  system  is  very  economical  from  the  standpoint  of  cost 
of  maintenance.  No  particular  effort  has  been  made  to  reduce 
the  first  cost,  materials  of  the  best  value,  in  the  writer's  judg- 
ment, having  been  selected  as  being  the  most  economical  in  the 
long  run.  It  was  not  laid  out  with  the  idea  of  giving  just  enough 
illumination,  but  I  had  constantly  in  mind  the  advantage  to  the 
store  keeper  of  having  the  store  illuminated  in  such  a  way  that 
he  could,  when  desired,  outshine  his  neighbors,  and  at  the  same 
time  use  as  much  or  as  little  light  as  he  chose. 


DISCUSSION  OF  "THE  LIGHTING  OF  A  SMALL  SHOE 
STORE,"   BY  THE  NEW  ENGLAND  SECTION. 

Mr.  W.  H  Blood,  Jr. — It  seems  to  me  that  the  arrangement 
suggested  by  Mr.  Allen  represents  a  decided  backward  step.  In 
the  early  days  arc  lamps  were  used  for  lighting  stores,  but  they 
were  subsequently  discarded  on  account  of  their  concentrating 
too  much  light  in  single  units.  The  next  step  was  to  use  electric 
and  gas  lamps  of  small  candle  power  and  to  separate  them,  for 
by  so  doing  a  more  even  distribution  of  light  was  obtained.  Mr. 
Allen  returns  to  the  principle  of  large  candle  powers  in  single 
units.  The  effect  of  the  arrangement  on  my  eyes  is  unpleasant — • 
it  is  almost  annoying.  It  is  evident  that  the  room  is  very  low 
studded,  but  the  intrinsic  brilliancy  of  the  lamp  is  so  intense  that 
the  effect  upon  the  eyes  is  actually  painful.  The  same  number  of 
lamps  separated  one  from  another,  I  think,  would  not  be  ob- 
jectionable. The  suggestion  to  use  such  an  outfit,  for  the  illu- 
mination of  a  small  store  building  comes  to  me  as  a  matter  of 
great  surprise.  I  cannot  see  the  reason  for  advocating  the  use 
of  such  a  system  of  lighting  in  the  solution  of  the  problem  which 
is  before  us. 

Mr.  J.  S.  Codman. — I,  too,  believe  that  the  arrangement  pro- 
posed by  Mr.  Allen  is  open  to  some  criticism.  I  cannot  help 
feeling  that  the  intrinsic  brilliancy  is  a  great  deal  higher  than 
a  properly  sand-blasted  reflector  would  make  it.  Moreover,  the 
unit  seems  to  be  too  large  for  use  in  the  store.     The  illumina- 
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tion  would  be  more  uniform  with  a  large  number  of  units.  The 
unit  is  too  large,  just  as  an  arc  lamp  would  be  for  this  instal- 
lation. 

Mr.  F.  W.  Wilcox. — I  believe  it  would  be  much  more  sat- 
isfactory to  use  60- watt  or  100- watt  tungsten  lamps  properly  dis- 
tributed and  equipped  with  suitable  shades  than  to  concentrate 
the  light  in  large  units. 

Mr.  R.  Robinson. — I  had  occasion  recently  to  select  the 
lighting  eqmipment  for  a  store  52  feet  in  length  by  31  feet  in 
width.  Eight  lOO-watt  tungsten  lamps  placed  8  feet  above  the  il- 
luminated surface  gave  an  average  of  2  foot-candles.  I  believe 
the  same  arrangement  used  in  the  store  under  consideration  would 
produce  satisfactory  results. 

Mr.  T.  H.  Riser. — It  is  desirable  to  have  a  uniform  distribu- 
tion of  light  in  a  store.  However,  what  the  store-keeper  de- 
mands is  brilliant  illumination,  and  for  this  purpose  a  value  of 
3  foot-candles  on  the  lighting  plane  is  not  excessive. 

Mr,  H.  M.  Daggett,  Jr. — I  should  like  to  ask  Mr.  Allen  con- 
cerning the  lighting  of  the  boot-black  stand  and  the  cashier's 
desk.  It  seems  to  me  that  the  lamps  in  the  center  of  the  room 
would  be  very  trying  on  the  cashier's  eyes,  while  the  boot-black 
stand  requires  a  special  langp.  It  is  very  desirable  to  place  a  lamp 
so  that  men  can  read  with  comfort  while  having  their  shoes 
shined. 

Mr.  Allen. — I  have  made  provision  for  one  60-watt  tungsten 
lamp  near  the  cashier's  desk.  At  the  boot-black  stand  the  illumi- 
nation averages  at  least  2.5  foot-candles,  and  considering  the  re- 
flection from  the  walls,  it  would  seem  that  there  is  no  need  for  an 
extra  lamp  at  this  place.  In  regard  to  the  use  of  four  large  main 
lighting  units  instead  of  a  larger  number  of  smaller  units,  it 
should  be  noted  that  when  there  are  many  lighting  sources  the 
retina  of  the  eye  contracts  and  hence  the  smaller  the  number  of 
units  the  better  the  real  illuminating  efficiency.  The  particular 
units  chosen  give  a  good  light  distribution  for  illuminating  the 
floor.  The  absorption  is  somewhat  greater  than  with  opal  reflect- 
ors, but  the  real  illuminating  efficiency  is  improved  by  the  reduc- 
tion in  intrinsic  brilliancy.  By  using  clear  lamps  the  loss  of  useful 
life  due  to  frosting  has  been  avoided.  The  fixtures  are  so  designed 
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that  a  current  of  cool  air  drawn  in  at  the  bottom  of  the  shades 
is  brought  in  contact  with  the  lamps  and  passes  out  throug'h  an 
opening  in  the  fixture  casing.  Tests  have  shown  that  the  tempera- 
ture rise  is  well  within  safe  limits. 

Mr.  W.  H.  Blood,  Jr. — The  form  of  window  lighting  pro- 
posed by  Mr.  Daggett  does  not  appeal  to  me.  Fully  30  per  cent. 
of  the  light  is  lost  by  the  use  of  ground  glass.  Equally  as  good 
effects,  and  in  many  ways  a  superior  lighting,  can  be  obtained  by 
means  of  green  shades  placed  close  to  the  window  so  that  no 
light  will  be  thrown  in  the  eyes  of  people  on  the  street.  In  this 
way  intense  light  would  be  obtained  on  the  merchandise  in  the 
window. 

Mr.  F.  E.  Smith. — I  ask  Mr.  Daggett  how  the  maintenance 
of  the  mantles  of  the  inverted  gas  lamps  compares  with  that  of 
the  upright  mantles. 

Mr.  M.  M.  Jacobs. — I  wish  to  ascertain  if  there  is  a  plant 
in  operation  in  Boston  using  the  double-piping  system  with  high- 
frequency  coils,  etc..  as  described  by  Mr.  Daggett. 

Mr.  W.  King. — How  close  to  the  ceiling  can  the  inverted  gas 
lamps  be  placed  with  safety? 

Mr.  Daggett. — So  far  as  concerns  fire  hazard  the  lamps  can 
be  placed  within  one  foot  of  the  ceiling.  However,  in  such  a  case 
a  shield  should  be  used  overhead.  I  may  say  that  there  are  now 
in  use  in  Boston  several  systems  similar  to  the  one  described,  al- 
though none  is  arranged  in  exactly  the  same  manner.  The  jump- 
spark  ignition  system  has  not  been  installed  for  regular  service, 
but  a  demonstration  equipment  is  giving  satisfactory  results  in 
a  show  room. 

Experience  shows  that  the  life  of  the  mantles  on  inverted 
gas  lamps  is  about  twice  that  of  upright  mantles ;  moreover,  they 
will  withstand  about  twice  as  much  vibration,  the  costs  of  the 
two  being  equal.  In  regard  to  the  use  of  reflectors  instead  of 
ground  glass  shades,  it  should  be  noted  that  while  the  former 
produce  excellent  results  in  open  windows,  they  are  disadvan- 
tageous for  closed  windows  on  account  of  the  moisture  which 
will  accumulate  on  the  glass.  Moreover,  the  diffusing  glassware 
is  very  effective  in  softening  the  light  and  producing  a  pleasant 
•  result.     The  absorption,  although  large,  is  not  prohibitive. 
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At  a  meeting  of  the  Council,  held  on  June  12,  the  vSecretary 
read  a  letter  addressed  to  the  Council  by  Dr.  Alex  C.  Humphreys, 
Chairman  of  the  Committee  on  Nomenclature  and  Standards, 
givang  a  report  of  the  action  taken  by  the  Committee  relative  to 
the  establishment  of  a  uniform  value  for  the  unit  of  luminous 
intensity  in  the  United  States.  It  was  moved  and  duly  carried 
that  the  Council  accept  this  report  with  a  vote  of  thanks  for  the 
thoroughness  and  care  with  which  the  matter  has  been  carried 
out,  and  that  they  approve  the  recommendations  of  the  Com- 
mittee on  the  subject  of  a  common  unit  of  light. 

In  compliance  with  the  request  of  the  Council  at  the  preced- 
ing meeting,  Dr.  A.  S.  McAllister,  Chairman  of  the  Committee 
on  Editing  and  Publication,  recommended  the  appointment  of 
the  Chemical  Publishing  Company,  Easton,  Pa.,  as  the  printer 
of  the  Transactions  of  the  Society.  The  Council  received  this 
recommendation  with  approval  and  referred  the  matter  back  to 
the  Committee  wath  power. 

The  Secretary  reported  that  the  following  twenty-six  applica- 
tions for  membership  had  been  received  and  properly  approved 
for  presentation  before  the  Council.  It  was  voted  to  elect  these 
cipplicants : 

Adair,  Ci^ifford  Frank,  Electrician,  South  Side  Elevated  R.  R., 
Chicago,  111. 

Atwood,  C.  C,  Assistant  Superintendent,  New  Amsterdam  Gas  Co., 
Ravenswood,  L.  I. 

Beck,  Fritz,  Secretary,  Pneumatic  Gas  I^ighting  Co.,  150  Nassau  St., 
New  York. 

Benson,  Fred  S.,  Jr.,  Supt.,  Nassau  Works,  Brooklyn  Union  Gas  Co., 
Brooklyn,  N.  Y. 
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Berry,  Alfred  F.,  United  Electric  Light  &  Power  Co.,  11 70  Broad- 
way, New  York. 

Brock,  John  M.,  Sales  Manager,  William  M.  Crane  Company,  New 
York. 

Bry.\n,  F.  a.,  General  Manager,  Indiana  &  Michigan  Electric  Co., 
South  Bend,  Indiana. 

Carter,  R.  A.,  Jr.,  Asst.  Engr.,  Central  Union  Gas  Co.,  New  York. 

Davidson,  J.  E.,  President,  Consolidated  Lighting  Co.,  Montpelier,  Vt. 

Button,  Benjamin  H.,  Asso.  with  Edward  Miller  &  Co.,  Philadel- 
phia, Pa. 

Hall,  a.  H.,  Supt.  of  Distribution,  1815  Webster  Ave,  New  York. 

Hare,  C.  W.,  Manager  of  New  Business  Dept.,  United  Gas  Improve- 
ment Co.,  Philadelphia,  Pa. 

Keene,  a.  M.,  Comptroller,  Westchester  Lighting  Co.,  Mount  Vernon, 
N.  Y. 

KenN£;dy,  James  S.,  Superintendent,  Standard  Gas  Light  Company's 
Works,  Foot  East  115th  St.,  New  York, 

Macintosh,  W.  L.,  Engineer's  Assistant,  Consolidated  Gas  Co.,  New 
York. 

Macklin,  a.  F.,  vSuperintendent's  Assistant,  Consolidated  Gas  Co., 
Foot  West  44th  St  ,  New  York. 

McClellan,  John  W.,  Vice-Pres,  and  Gen.  Manager.,  Manhattan  Gas 
Heating  Co.,  909  Seventh  Ave.,  New  York. 

Mora,  E.  J.,  West  Penn  Railways  Co.,  Connellsville,  Pa. 

Opdyke,  George  H.,  President,  Rector  Gas  Lamp  Co.,  47  Leonard  St., 
New  York. 

Pettit,  Lewis  A.,  Jr.,  Salesman,  Commonwealth  Power  Co.,  Jackson, 
Mich. 

Reid,  J.  F.,  Standard  Gas  Light  Co.,  32  West  125th  St.,  New  York. 

REInach,  H.,  Asst.  Supt.,  Standard  Gas  Light  Co.,  32  West  I25lh  St., 
New  York. 

RiBLET,  A.,  Superintendent  14th  Street  Station,  Consolidated  Gas  Co., 
New  York. 

Shaw,  John  C  ,  Engineer,  Astoria  Light,    Heat  &  Power  Co.,  Astoria, 

L.  I. 

Walmsley,  W.  N.,  General  Manager,  Sao  Paulo  Tramway,  Light  & 
Power  Co.,  Ltd.,  Sao  Paulo,  Brazil. 

WiLTSE,  James  Lawrence,  Chief  Clerk,  Contract  Dept.,  Edison  Elec- 
tric Illuminating  Co.,  Brooklyn,  N.  Y. 

The  Chairman  of  the  Finance  Committee  presented  the  Com- 
mittee's report  on  the  financial  condition  of  the  Society,  and  stib- 
mitted  the  unpaid  bills,  amounting  to  $641.48.  The  Council 
approved  this  report,  and  directed  that  the  bills  which  were  sub- 
mitted, be  paid. 

It  was  moved,  that  the  Council  on  hearing  the  report  of  the 
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Finance  Committee  offer  the  suggestion  that,  so  far  as  possible, 
all  of  the  expenses  of  the  Convention,  with  the  exception  of  the 
expense  of  printing  and  distributing  the  Convention  Number  of 
the  Transactions,  be  paid  from  the  Special  Convention  Fund  col- 
lected by  the  Convention  Committee.  This  motion  was  seconded 
and  carried. 

Vice-President  Mohr  submitted  to  the  Council  the  method  of 
handling  the  Convention  Fund  as  proposed  by  the  Convention 
Committee.     The  Council  moved  to  endorse  this  method. 

It  was  moved,  and  duly  carried,  to  approve  the  action  of  the 
Convention  Committee  in  fixing  the  dates  of  the  Convention  as 
October  5  and  6, — Monday  and  Tuesday. 

,  A  suggestion  was  offered,  which  was  duly  accepted  by  the 
Council,  that  the  Secretary  ask  the  Chairman  of  the  Convention 
Committee  to  furnish  a  brief  report  of  the  Convention  arrange- 
ments, with  a  preliminary  list  of  the  papers  to  be  presented,  and 
that  this  report  be  published  in  the  Society  Notes  of  the  June 
Number  of  the  Transactions. 


ANNUAL  CONVENTION. 


The  second  annual  Convention  of  the  Illuminating  Engineer- 
ing Society  will  be  held  in  Philadelphia,  on  Monday  and  Tues- 
day, October  5  and  6.  The  General  Convention  Committee  is 
busily  engaged  at  the  present  time  in  making  plans  and  arrang- 
ing details  with  the  expectation  of  preparing  a  program  which 
will  make  attendance  upon  the  Convention  not  only  entertaining 
but  valuable  for  every  member  of  the  Society. 

Monday  and  Tuesday  were  considered  the  best  days  of  the 
week  upon  which  to  hold  the  Convention  for  the  reason  that 
the  members  who  attend  from  distant  localities  are  able  to 
leave  their  places  of  business  on  Saturday  or  Sunday,  thereby 
not  losing  time,  and  the  Committee  also  considered  the  fact  that 
members  might  desire  to  avail  themselves  of  the  opportunity  of 
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spending  the  week  end  at  Atlantic  City,  or  at  some  of  the  other 
resorts  within  a  short  distance  of  Philadelphia. 

The  Headquarters  of  the  Convention  will  be  at  the  Hotel  Wal- 
ton, centrally  located,  at  Broad  and  Locust  Streets.  Sessions 
will  be  held  in  a  large  auditorium  on  the  top  floor  of  this  hotel. 
The  convenience  of  holding  all  meetings  in  the  same  building 
in  which  the  delegates  live  is  apparent,  and  this  arrangement 
will  avoid  much  waste  of  time.  Notice  concerning  hotel  fares 
and  other  details  will  be  sent  to  the  members  by  the  Committee 
in  a  short  time. 

It  is  hoped  to  have  an  exhibit  of  modern  methods  of  illumina- 
tion and  illuminants  with  their  accessories,  together  with  the 
various  scientific  and  measuring  instruments  used  in  the  light- 
ing industries,  and  if  this  exhibit  is  found  feasible  it  will  be  given 
in  a  hall  adjacent  to  the  auditorium  in  which  the  regular  ses- 
sions are  held. 

Full  announcements  concerning  the  program  of  business  and 
entertainment  will,  of  course,  be  sent  to  each  member.  The 
week  of  October  5  to  10  will  be  Founders'  Week  in  Philadel- 
phia, and  great  preparations  are  being  made  by  the  Municipality 
to  make  the  occasion  notable.  The  entire  week  has  been  set 
aside  to  celebrate  the  225th  anniversary  of  the  founding  of 
Philadelphia.  There  will  be  various  interesting  ceremonies.  On 
one  day  there  will  be  a  military  parade  of  Regular  and  State 
Troops ;  one  day  will  be  set  aside  as  Municipal  Day ;  another 
as  Industrial  Day,  and  so  on. 

This  season  of  the  year  in  Philadelphia  is  usually  most  pleas- 
ant, from  the  standpoint  of  temperature ;  and  as  is  well  known, 
Philadelphia  abounds  with  points  of  historic  interest,  second  to 
no  city  in  this  country. 

C()X\'KXTI()X     I'Al'KRS. 

The  following  tentative  list  of  papers  has  been  arranged  for  r 
"Architecture  and  Illumination,"  by  ]\Ir.  Emile  G.  Perrot,  Phil- 
adelphia. 
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''Modern  Gas  Lighting  Conveniences,"  by  Mr.  T.  J.  Litle, 
Philadelphia. 

"Railway  Car  Lighting,"  by  Mr.  H.  M.  Davies,  Philadelphia, 

"Relation  Between  Candle-Power,  Voltage  and  Watts  of 
Different  Types  of  Incandescent  Lamps,"  by  Dr.  F.  E.  Cady, 
Washington,  D.  C. 

"Illuminating  Value  of  Petroleum  Oil,"  by  Dr.  A.  H.  Elliott, 
New  York. 

"Structural  Difficulties  in  Installation  Work,"  by  Mr.  Strong, 
New  York. 

"Street  Lighting  Fixtures,  Gas  and  Electric,"  by  Mr.  H. 
Thurston  Owens,  New  York. 

"Oil  Burners,"  by  Mr.  W^  T.  Sterling,  New  York. 

"Design  of  the  Illumination  of  the  New  York  City  Carnegie 
Libraries,"  by  Mr.   L.  B.   Marks,  New  York. 

"Intensity  of  Natural  Illumination  Throughout  the  Day,"  by 
Mr.  L.  J.  Lewinson,  New  York. 

"Calculation  of  Illumination  by  Flux  of  Light  Method,"  by 
Messrs.  J.  R.  Cravath,  Chicago,  and  V.  R.  Lansingh,  New  York. 

"Specific  Intensity  of  Lighting  Sources,"  by  Mr.  J.  E.  Wood- 
well,  Washington,  D.  C. 

"Design  of  Reflectors  for  Uniform  Illumination,"  by  Mr.  A. 
A.  Wohlauer. 

"The  Ives  Colorimeter  in  Illumxinating  Engineering,"  by  Dr. 
H.  B.  Ives,  Washington,  D.  C. 

"International  Unit  of  Light,"  by  Dr.  E.  P.  Hyde,  Washing- 
ton, D.  C. 

"Some  Experiments  on  Reflections  From  Walls,  Ceiling  and 
Floors,"  by  Messrs.  V.  R.  Lansingh  and  T.  W.  Ralph,  New 
York. 

It  is  possible  that  one  or  two  of  the  subjects,  and  possibly  a 
few  of  the  authors  of  these  papers,  may  be  changed,  but  the 
Committee  on  Papers  hopes  to  provide  the  program  indicated. 
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CHICAGO   SECTION. 

The  last  meeting  for  the  present  season  of  the  Chicago  Section 
was  held  Thursday  evening,  June  ii,  at  the  Grand  Pacific  Hotel, 
fourteen  members  being  present.  J.  R.  Cravath,  Chairman, 
presided.  The  Secretary  announced  four  new  applications  for 
membership  since  the  last  meeting. 

Appreciation  was  expressed  for  an  invitation  from  the  Iowa 
District  Gas  Association  to  the  Society  to  attend  their  annual 
meeting  in  Omaha,  June  17. 

Dr.  Suker  distributed  copies  of  ?  recent  paper  by  Dr.  Chas.  E. 
Woodruff,  of  the  United  States  Army,  the  paper  being  entitled, 
"Insufficient  Pigmentation  as  a  Cause  of  Eye  Diseases."  Dr. 
H.  Gradle  of  Chicago  delivered  an  address,  the  subject  of  which 
was  'Tllumination  and  the  Eye."  ]\Iany  important  points  were 
brought  out  and  a  general  discussion  w^as  entered  into  by  the 
members  present. 

NEW  ENGLAND  SECTlO^^r. 

At  a  meeting  of  the  New  England  Section  held  on  May  2y, 
d  problem  relating  to  the  illumination  of  a  large  retail  dry-goods 
store  with  show-windows  was  offered  for  solution.  Solutions 
were  presented  by  Islv.  J.  S.  Codman  who  suggested  the  use 
of  tungsten  lamps  ;  by  ]\Ir.  X.  W.  Gift'ord  who  advocated  gas  ''arc" 
and  inverted  gas  lamps,  and  by  IMr.  Newington  who  selected 
Nernst  lamps. 

The  last  meeting  of  the  present  season  was  held  on  June  19, 
when  Mr.  H.  M.  Daggett,  Jr.  read  a  paper  entitled,  "High  Ef- 
ficiency Illuminants."  This  paper,  together  with  the  discussion 
which  its  presentation  aroused,  will  be  printed  in  the  October 
issue  of  the  Transactions. 


CHURCH    LIGHTIXG.i 


BY   EMILE   G.    PERROT. 


Co-operation  among  engineers  and  architects  is  essential  to 
the  ultimate  success  of  any  building,  whether  the  problem  be 
one  involving  a  lighting  scheme,  or  a  scheme  of  structural  en- 
gineering and  architecture,  or  any  other.  In  other  words,  the 
aesthetic  and  the  practical  must  go  hand  in  hand.  In  presenting 
to  you  the  aesthetic  side  of  this  problem,  it  is  my  desire  to  do 
so  in  a  light  in  which  possibly  you  haye  never  viewed  it  before. 

From  the  verv  beginning  light  has  played  a  most  important  part 
in  the  life  of  the  world;  shut  out. light  from  any  living  thing, 
plant,  brute  or  man,  and  part  of  life  itself  is  taken  away.  As 
light  is  necessary  to  the  fullness  of  physical  life,  in  like  manner 
the  spiritual  life  of  man  craves  as  its  perfection,  spiritual  light. 

The  old  law  prescribed  a  seven-branch  candlestick  as  part  of 
the  sacred  treasures  to  be  kept  before  the  eyes  of  the  people ; 
when  Christ  came  he  voiced  the  need  of  men's  souls  when  he 
proclaimed:  ^'I  am  The  Light  of  the  World."  As  a  symbol  of 
Him,  the  Light  of  the  \\'orld,  the  early  Christians  lit  candle*^ 
in  the  dark  chambers  of  the  catacombs ;  symbols  these  lights 
were  indeed,  but  they  served  the  added  purpose  of  illumination. 

So  then,  the  architect,  whether  designer  of  lofty  cathedral  or 
lowly  church,  must  consider  light  both  symbolic  and  illuminant. 

In  the  Dark  Ages,  the  great  cathedrals  were  content  with 
"the  dim  religious  light"  that  ^lilton  speaks  of,  coming  through 
the  rich  colors  of  the  great  stained  glass  windows.  In  the  ad 
vance  of  science,  religion  caught  the  benefit  and  flooded  its 
temples  with  the  imprisoned  sunlight  let  free  from  coal  or  oil. 
When  later,  electricity  was  employed,  religion  seized  the  new 
light  to  serve  its  purpose. 

That  we  may  understand  the  "raison  d'etre"  so  to  speak,  of 
symbolism  in  the  church,  it  will  be  well  to  consider  briefly  the 
subject  of  symbolism  in  art  and  the  principles  which  underlie 
it,  and  which  give  it  the  importance  it  deserves.     Art  does  not 


1  Read  before  the  Philadelphia  Section  of  the  Illuminating  Engineering  Society,  on 
April  24,  1908. 
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produce  the  real ;  it  merely  implies  or  suggests  the  real  by  the 
use  of  certain  signs  and  symbols  which  have  been  recognized 
as  equivalent.  If,  for  example,  we  wish  to  bring  to  the  mind 
of  another  the  thought  of  water,  we  do  not  bring  a  glassful  and 
place  it  before  the  person;  we  simply  use  the  word  "water,"  a 
word  of  five  letters,  which  bears  no  resemblance  or  likeness  to 
the  real  article,  yet  brings  the  original  to  mind  at  once.  This 
is  the  linguistic  sign  for  water.  The  chemical  sign  for  it,  H^O 
is  quite  as  arbitrary,  but  to  the  chemist  represents  the  original 
as  clearly  as  the  word  does  to  the  mind  of  another.  And  only 
a  little  less  arbitrary  are  the  artistic  signs  for  it.  The  old  Egyp- 
tians conveyed  their  meaning  by  drawing  a  zigzag  line  up  and 
down  the  wall.  Turner,  in  England,  often  made  a  few  horizon- 
tal scratches  from  a  lead  pencil  do  duty  for  it,  and  in  modern 
painting  we  have  some  blue  or  green  paint  touched  with  high 
lights  to  represent  the  same  thing.  None  of  these  symbols  at- 
tempt to  reproduce  the  original,  or  have  any  other  meaning  than 
to  suggest  it.  They  are  signs  which  have  meaning  because  we 
agree  beforehand  thus  to  understand  them. 

Now,  the  agreement  to  understand  the  sign  is  what  might 
be  called  the  recognition  of  the  convention.  All  art  is  in  a 
measure  conventional,  arbitrary,  unreal,  if  you  please.  Every- 
one knows  that  Hamlet  in  real  life  w^ould  not  talk  blank  verse 
in  his  latest  breath.  The  drama,  and  all  poetry,  for  that  matter, 
is  an  absurdity  if  one  insists  upon  asking  "Is  it  natural?"  It  is 
not  natural ;  it  is  artificial,  and  unless  the  artificial  be  accepted 
as  symbolizing  the  natural,  unless  the  convention  of  metre  and 
rhyme  be  recognized,  one  is  not  in  a  position  to  appreciate 
verse.  And  this  is  equally  true  of  music.  The  opera  is  a  most 
palpable  convention,  and  the  flow  of  music  which  so  beautifully 
suggests  the  depths  of  passion  and  the  heights  of  romance,  is 
merely  an  arbitrary  symbol  of  reality.  Recognize  this  and  you 
have  taken  the  first  step  forward  toward  the  understanding  of 
art;  fail  to  recognize  this,  and  art  must  remain  a  closed  book 
to  you. 

Furthermore,  the  principle  of  indirectly  representing  by  a  sign 
the  Godhead  or  the  truths  which  He  came  to  establish,  had  its 
sanction  in  the  Divine  Master  Himself,  for  in  his  own  public 
life  He  continually  makes  use  of  parables  and  indirect  means  to 
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convey  to  his  followers  the  divine  lessons  He  wished  to  teach. 

Religion,  as  we  know  it  in  the  twentieth  century,  has  formed 
itself  into  two  great  bodies,  which  we  may  term  the  evangelical 
and  ritualistic.  To  light  a  church  so  that  the  lamps  may  serve 
the  practical  purpose  as  illuminant,  and  at  the  same  time  keep  the 
religious  symbolism  in  the  spirit  of  each  of  these  great  divisidps, 
IS   the   problem   of   church   lighting   that   I   propose   to   discuss. 

The  evangelical  church  holds  specially  to  the  Scriptures,  and 


Fig.  I. — Evangelical  Church.     Ineffective  Lighting  Scheme. 


the  keynote  of  its  service  is  the  spoken  word  of  the  expounder 
of  the  Holy  Book.  So  light  must  fill  the  auditorium,  must  cen- 
ter on  the  preacher,  as  symbol  of  the  Heavenly  Light  that  he 
teaches,  filling  men's  souls. 

In  the  other  great  division,  a  subdued  light  must  envelop  the 
congregation  as  befits  those  attending  on  great  mysteries,  and 
the  light  must  center  on  the  altar,  shining  against  the  darkness 
of  the  background,  appearing  above  all  else  in  the  church,  as 
symbol  of  the  Light  of  Heaven  resting  on  the  mysteries. 
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Thus  we  have,  in  general,  the  thought  underlying  the  scheme 
of  lighting  for  churches  of  both  divisions. 

While  it  may  not  be  possible  to  show  practical  examples  of 


Fig.  2.— Evangelical  Church.     Highly  Successful  Lighting  Scheme  ;    Electric  Lanips 
are  Used  in  the  Ornaments  on  the  Arches. 

lighting  that  exactly  illustrate  the  principles  enumerated  above, 
yet  in  the  main,  we  will  find  these  principles  carried  out  to  a 
greater    or   lesser   degree    in    all    well   arranged    churches.     Of 
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course,  the  architectural  treatment  of  the  design  will  influence 
the  scheme  of  lighting,  but  the  architectural  scheme  should  fol- 
low the  above  principles,  just  as  the  lighting  is  intended  to  do ; 


Fig.  3. — Ritualistic  Church.     Chandeliers  in  Center  of  Nave  Vault 
Destroy  Clear  View  of  Vault. 

for  instance,  the  plan  of  evangelical  churches  naturally  takes  a 
form  best  calculated  to  permit  every  one  to  see  and  hear  the 
speaker,   hence  there  are  large   auditoriums   so   designed   as   to 
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meet  these  requirements.  On  the  other  hand,  the  plan  of  ritual- 
istic churches  aims  not  so  much  to  make  a  perfect  auditorium, 
as  a  place  .first  for  the  altar,  about  which  the  people  may  gath- 
er to  take  part  in  the  solemn  sacrifice  which  is  offered  thereon, 
the  part  played  by  the  speaker  being  second  in  importance  to 
the  great  mysteries  of  the  sacrifice. 

Further,  the  ritualistic  ceremony  naturally  begets  symbolical 
forms  in  the  architectural  treatment,  so  that  there  are  depicted 
throughout  representations  of  the  great  mysteries  of  religion, 
both  in  the  structural  parts  and  in  the  minutest  details. 

As  the  problem  of  lighting  evangelical  churches  resolves  it- 
self into  that  of  general  illumination,  the  treatment  of  such  build- 
ings can  best  be  made  to  follow  the  general  rules  recognized 
as  a  standard  for  the  lighting  of  auditoriums ;  a  few  examples 
will  serve  to  make  the  matter  clear. 

The  problem  of  lighting  ritualistic  churches,  particularly  Ro- 
man Catholic  churches,  is  one  that  requires  more  study  since  the 
predominance  of  the  symbolical  over  the  practical  is  very 
marked.  There  is  an  added  problem  in  these  churches  of  decor- 
ative lighting  in  addition  to  the  practical  and  symbolic  Hghting. 
This  of  late  years,  has  become  very  marked,  due  to  the  ease 
of  obtaining  decorative  effects  wuth  the  use  of  the  many 
sizes  and  styles  of  electric  lamps.  A  scheme  for  lighting  for 
a  Catholic  Church  which  does  not  include  facilities  for  decorative 
lighting  around  the  sanctuary  where  the  altars  are  placed  is  in- 
complete. While  the  use  of  candles  on  the  altars  is  required  by 
the  rubrics  of  the  church,  and  they  must  be  used,  the  added  use 
of  electric  and  gas  candelabra  makes  it  possible  to  obtain  decor- 
ative effects  in  light  for  celebrations  which  far  surpass  the  effect 
of  the  candle  light. 

One  reason  why  electric  decorative  lighting  has  come  into 
play  in  this  church  is  due  to  the  fact  that  as  the  church  proper 
was  lit  by  electricity,  the  insignificance  of  the  illumination  of 
the  altar  by  candles  alone  became  very  apparent,  and  as  the 
altar  is  the  object  for  which  the  church  exists,  and  in  its  sym- 
bolical sense,  should  be  the  richest  part  of  the  church,  it  was 
necessary  to  add  electric  illumination  to  this  part  of  the  church 
also. 

To  come  now  to  the  actual  working  out  of  these  principles 
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to  concrete  problems,  it  would  be  well  to  endeavor  to  establish 
rules  for  guidance  which  can  be  used  in  most  cases.  In  exam- 
ining the  general  form  of  evangelical  churches,  it  is  found  that 


Fig.  4.— Ritualistic  Church.     Showing  Proper  Arrangement  of  Lighting  Fixtures 
Along  the  Nave  Walls,  Thus  Permitting  Clear  View  of  Vault. 

in  plan  they  may  be  grouped  as  follows :  Square  plan ;  Rectan- 
gular plan,  and  Greek  Cross  plan,  all  usually  consisting  of  one 
clear  span.     The  church  may  or  may  not  have  a  gallery,  but  as 


3/6   TRANSACTIONS   OF    ILLUMINATING    ENGINEERING    SOCIETY 

a  rule,  the  floor  area  in  the  center  must  be  illuminated  from 
the  high  ceiling  above.  Usually  it  is  preferable  to  hang  chan- 
deliers from  points  each  side  of  the  centre  of  the  building.  The 
use  of  central  chandeliers  is,  as  a  rule,  an  unhappy  solution,  and 
should  be  avoided  unless  the  architectural  treatment  of  the  ceil- 
ing is  such  as  not  to  permit  of  the  use  of  two  rows  of  fixtures ; 
then  the  use  of  one  row  or  one  central  fixture  must  be  resorted 
to. 

The  lighting  of  the  chancel  should  be  such  that  ample  light 


F'g-  5-— K.it"alistic  Church.     Illustrating  Effective  Use  of  Two  Rows  of  Fixtures 
Suspended  from  the  Ceiling. 

falls  on  the  preacher.  Should  there  be  a  chancel  arch,  concealed 
lamps  around  the  arch  produce  a  very  impressive  efifect. 

Should  a  gallery  be  used,  the  part  of  the  church  under  the 
gallery  can  best  be  lit  by  ceiling  lamps  under  the  gallery,  or 
lamps  can  be  arranged  around  the  columns  near  the  caps.  If 
there  is  no  gallery,  side  lamps  on  the  walls  are  sometimes  nec- 
essary to  supplement  the  light  from  the  ceiling.  There  is  no 
reason,  though,  why  ample  light  cannot  be  arranged  for  in  the 
ceiling.     The  one  point  to  bear  in  mind  is  not  to  have  naked 
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lamps  in  line  with  the  vision  of  the  congregation.  The  use  oi 
brackets  with  naked  lamps  on  the  wall  back  of  the  chancel  is  in- 
jurious to  the  eyes  of  the  people,  and  should  be  avoided. 

Should  there  be  a  dome  or  skylight  in  the  center  of  the  ceil- 
ing, rows  of  lamps  arranged  to  suit  the  architectural  motives 
can  be  used  instead  of  ceiling  pendants.  When  open  truss  work 
occurs,  the  fixture  should  be  suspended  from  the  trusses. 

A  very  effective  method  of  lighting  a  decorated  ceiling  is  to 
conceal  the  lamps  on  top  of  a  cornice  and  project  the  rays  up- 
wards; if  there  is  no  cornice,  the  top  of  column  capitals  can  be 
built  with  a  recess  to  receive  a  number  of  lamps  and  the  light 
projected  from  these  points. 

Very  frequently  it  is  possible  to  light  the  auditorium  without 
the  use  of  ceiling  fixtures,  dependence  being  placed  on  lamps 
around  the  walls ;  while  the  use  of  ceiling  pendants  seems  tn 
be  a  popular  method  of  lighting,  it  very  frequently  happens  thai 
a  clear  view  of  a  very  beautiful  ceiling  is  interrupted  by  un- 
sightly chandeliers. 

Turning  next  to  the  lighting  of  ritualistic  churches,  the  prob- 
lem is  found  more  complex.  As  outlined  above,  symbolism 
plays  an  important  part  in  the  design  of  such  churches,  so  mucli 
so  as  very  frequently  to  determine  the  shape  of  the  floor  plan. 
The  cruciform  plan  is  the  one  most  generally  used  for  large 
churches,  consisting  of  a  nave  and  two  side  aisles  across  the 
church,  and  the  nave  transepts  and  apse  for  the  three  divisions  of 
the  length  of  the  church.  Of  course,  all  churches  dO'  not  have 
side  aisles,  nor  do  they  all  have  transepts,  but  this  form  of  floor 
plan  is  symbolically  correct,  as  it  represents  the  emblem  of  salva- 
tion, namely  the  cross. 

Formerly  the  common  method  of  lighting  was  to  arrange 
pendants  from  the  apex  of  the  main  nave  arch,  thus  making  a 
row  of  chandeliers  in  the  middle  of  the  church.  The.  side 
lamps  were  usually  arranged  around  the  columns  or  piers,  some- 
times in  the  form  of  a  corona,  and  sometimes  as  brackets. 

With  the  advent  of  electric  light,  greater  freedom  of  arrange- 
ment of  the  lamps  became  apparent,  hence  marked  progress  was 
made  by  arranging  rows  of  electric  lamps  in  cornices  or  other 
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architectural  features,  doing  away  with  the  need  of  chandehers. 
However,  a  combination  of  chandeliers  and  cornice  lamps  has 


Fij.  6.— Ritualistic  Church.     Decorative  Ivighting  for  Christmas  Celebration. 
Floral  and  Electrical  Effects. 


become  very  common,  due  to  the  marked  decorative  effect  of 
outlining  the   main   architectural   motives    by   means   of   lamps. 
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This  arrang-ement  was  even  attempted  in  former  days  with  gas 
Hghting. 

The  arrangement  of  lamps  about  the  sanctuary  where  the 
altar  is  placed  requires  the  utmost  care,  each  individual  church 
being  a  law  unto  itself;  while  it  is  possible  to  outline  general 
rules  to  be  observed  for  lighting  this  part  of  a  church,  the  prob- 
lem usually  demands  more  than  the  science  of  an  illuminating 
engineer,  coming  more  under  the  head  of  decoration. 

For  instance,  in  Catholic  Churches,  there  are  certain  services 
and  parts  of  the  service  which  require  special  lighting  effects, 
due  to  the  season  of  the  year,  the  nature  of  the  services  and  wheth- 
er the  Blessed  Sacrament  is  exposed  or  not.  For  grand  celebra- 
tions, such  as  the  present  centenary  of  the  Diocese,  special 
decorative  effects  in  lighting  and  decoration  with  plants  and 
flowers  is  resorted  to.  In  one  service  of  the  church  on  Good 
Friday,  there  is  a  part  where  total  darkness  reigns  for  a  few 
seconds,  and  then  instantly  a  flow  of  light  fills  the  church.  While 
it  is  not  the  desire  of  the  church  in  any  way  to  attempt  theatri- 
cal effects,  it  is  the  intention  to  make  the  exterior  signs  an  ex- 
pression of  the  interior  feeling  one  should  possess  in  attending 
the  service.  As  all  of  these  services  are  to  be  performed  in  a 
strictly  lithurgical  manner,  it  is  a  very  delicate  matter  to  intro- 
duce effects  in  lighting  which  will  not  destroy  the  real  meaning 
of  the  service. 

Modern  development  of  lighting,  when  considered  as  a  part  of 
the  architectural  scheme,  has  led  to  the  placing  of  the  bulbs  or 
lamps  in  some  ornament  in  the  design  of  the  building,  instead 
of  making  a  separate  ornament  in  the  form  of  a  gas  or  electric 
fixture.  While  this  method  does  away  with  the  costly  fixtures, 
it  may  on  that  account  not  be  much  encouraged  by  certain  in- 
terests, in  the  same  manner  as  some  interior  decorators  bewail 
the  loss  of  large  plain  surfaces  in  churches  upon  which  they  can 
paint  architectural  features  such  as  niches,  panels,  mouldings, 
etc.  Real  art  docs  not  consist  in  imitation,  hence  the  true  me- 
thod of  architectural  expression  is  to  make  the  panels,  mould- 
ings, etc.,  out  of  the  material  of  which  the  building  is  being 
finished.  If  it  is  too  costly  to  do  this,  the  proper  procedure  is 
then  to  omit  what  cannot  be  provided  in  the  real  materials.     If 
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decoration  is  desired,  the  large  areas  can  be  treated  as  such  with 
simple  borders,  etc.,  to  relieve  the  plainness. 

Rosettes  are  very  suitable  ornaments  for  the  introduction  of 
lamps ;  a  lamp  can  be  put  in  the  center  of  the  rosette  and  the 
leaves  surround  the  lamp.  The  arrangement  is  well  adapted 
to  the  rosettes  in  the  soffit  panels  of  classic  cornices  or  panels 
in  the  soffits  or  arches.  Any  such  adaptation  of  lamps  to  per- 
manent ornaments  brings  in  the  decorative  effects  of  electric 
lighting,  as  well  as  its  practical  result  as  illuminant. 


DISCUSSION  OF  MR.  PERROT'S  PAPER  BY  THE 
PHILADELPHIA  SECTION. 


Mr.  A.  f.  Mayers: — Mr.  Per  rot  has  suggested  some  new 
thoughts  to  me.  In  the  churches  we  have  an  opportunity  to  de- 
monstrate the  value  of  good  illumination.  There  is  nothing  more 
pleasing  than  to  sit  in  a  church  in  which  the  illumination  is  just 
exactly  what  it  should  be.  The  paper  by  Mr.  Perrot  will  open 
up  some  new  ideas  and  possibly  suggest  some  better  schemes 
of  illumination,  not  only  in  the  churches  of  to-day,  but  in  the 
churches  of  the  future. 

Mr.  Carl  Hering: — With  regard  to  the  illumination  of  the 
face  of  the  person  who  is  addressing  an  audience  in  order  that 
the  expressions  of  his  face  may  be  more  clearly  seen,  it  is  to 
be  noted  that  it  is  very  necessary  to  see  the  contours ;  thus  it  is 
necessary  to  have  shadows.  Hence  diffused  illumination  in  front 
of  a  speaker's  face,  or  illumination  from  a  number  of  scattered 
lamps  would  be  ineffective,  because  neither  of  them  throw  shad- 
ows;  in  such  illumination  the  face  would  be  likely  to  be  equally 
illuminated  all  over  and  would  therefore  look  flat  and  the  expres- 
sion would  be  lost.  The  same  would  be  true  for  a  strong  light 
from  a  reflector  directly  in  front  of  the  speaker,  as  is  frequently 
used  in  theatre  lighting.  The  other  extreme  is  a  single  strong 
beam  of  light  from  one  side  which  gives  too  great  a  contrast 
between  lights  and  shadows  in  the  face,  producing  a  sort  of 
Rembrandt  effect.  It  seems  to  me,  therefore,  that  to  illuminate 
a  face  most  effectively,  we  should  study  the  practice  of  photog- 
raphers in  making  portraits,  as  the  photographer  has  studied 
the  question  of  bringing  out  the  features  of  the  face  more  care- 
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fully  than  any  one  else.  It  seems  that  he  uses  a  certain  amount 
of  diffused  light  coming  from  a  limited  direction  together  with 
some  small  white  reflecting  surfaces  to  accentuate  the  light  from 
one  particular  direction  above  and  to  one  side  of  the  face,  so 
as  to  produce  shadows  but  without  having  any  sharp  contrasts 
between  lights  and  shadows. 

One  of  the  points  raised  in  the  paper  appealed  to  me  more 
especially  because  there  seems  to  exist  a  misunderstanding  about 
it;  I  refer  to  the 'advantages  of  indirect  illumination,  that  is,  il- 
lumination from  concealed  lamps.  We  all  realize  that  this  is  a 
more  beautiful  and  effective  form  of  illumination,  but  it  is  gen- 
erally supposed  to  be  more  expensive,  because  the  reflected  light 
is  so  very  much  less  than  the  original  light.  While  it  is  true 
that  there  is  a  great  loss  of  light,  there  is  another  factor  which 
enters  and  which  I  do  not  think  is  considered  as  much  as  it 
should  be,  and  which  may  in  many  cases  overbalance  the  loss. 
Illumination  is  only  for  the  purpose  of  permitting  us  to  see 
something  with  out  eyes ;  if  we  were  all  blind,  there  would  be 
no  need  of  illumination ;  the  better  we  can  see  details,  the  more 
effective  is  the  illumination.  When  there  is  a  bright  naked  lamp 
in  front  of  our  eyes  the  pupils  contract  and  therefore  the  eye 
takes  in  less  of  the  light  and  we  do  not  see  the  things  that  are 
illuminated  as  clearly  as  we  may  do  with  less  light  and  a  wide 
open  pupil.  Hence  the  fact  that  there  is  less  light  with  indirect 
illumination  does  not  necessarily  mean  that  we  see  less,  but  on 
the  contrary  we  may  really  see  better.  In  many  cases  I  am 
sure  we  would  see  more  clearly  with  the  subdued  diffused  light 
from  indirect  illumination  than  with  bare  lamps  glaring  in  our 
eyes,  on  account  of  the  action  of  the  pupils  of  our  eyes.  There- 
fore indirect  illumination,  as  Mr.  Perrot  has  pointed  out,  is  not 
only  more  aesthetic,  but  even  enables  us  to  see  better.  In  other 
words,  although  the  actual  illumination  measured  in  foot-candles 
would  be  far  less,  the  things  that  we  see  with  wide  open  pupils, 
are  made  even  more  clear,  than  with  fewer  lamps  shining  di- 
rectly into  our  eyes  and  thereby  contracting  the  pupils.  I  think, 
in  the  future,  although  we  may  not  live  to  see  it,  illumination 
will  be  obtained  from  large  areas  of  low  brilliancy,  as  from 
large  phosphorescent  or  fluorescent  surfaces  instead  of  from 
small  filaments  or  arcs   of  intense  brilliancy,   according  to   the 


382    TKAXSACTIONS   OF    IIXUMIXATIXG    ENGINKERINC    SOCIETY 

practice  of  to-day.  The  use  of  concealed  lamps  is  a  step  in  this 
direction,  though  at  the  sacrifice  of  much  light.  When  we  learn 
how  to  produce  such  low  brilliancy  surfaces  directly,  instead  of 
indirectly  by  reflection  from  intense  lamps,  it  will  probably  be 
found  to  be  a  much  cheaper  form  of  illumination  besides  bemg 
more  effective  in  most  cases. 

Prof.  A.  J.  Rozclatid : — Church  lighting  presents  some  unusual 
problems.  I  have  not  been  in  an  evangelical  church  yet  where 
1  thought  the  lighting  was  right.  Usually  an  arch  at  the  plat- 
form is  put  too  far  behind  the  speaker  to  be  of  any  value  ior 
use  with  concealed  lamps,  or  it  is  nearly  directly  above  the 
speaker's  head  where  the  lamps  cast  shadows.  Sometimes  the 
lamp  is  under  the  nose  of  the  speaker  sending  a  glare  into  his 
face. 

It  is  a  difficult  problem  to  light  the  face  of  a  speaker  properly ; 
I  do  not  know  that  it  can  be  done  very  well.  I  saw  a  room 
sometime  ago  where  the  problem  was  solved  in  the  following 
manner:  The  ceiling  of  the  room  was  about  15  ft.  high,  and 
there  were  two  groups  of  lamps  placed  somewhat  at  the  side 
and  near  the  ceiling.  They  were  arranged  in  a  line  with  the 
front  edge  of  the  platform,  so  that  the  lamps  were  just  in  front 
of  the  speaker.  Although  I  did  not  see  the  effect  at  night,  it 
seemed  to  me  that  the  equipment  would  light  the  speaker  very 
well  and  illuminate  an}1;hing  that  he  wanted  to  read. 

Another  matter  that  seems  to  me  must  be  considered  in  church 
lighting  is  the  expense,  which  is  an  important  factor  for  per- 
haps 80  per  cent,  of  the  churches.  Anything  in  the  way  of  art 
glass  upon  or  around  the  fixtures  cuts  off  the  light  and  increases 
the  expense.  Thus  artistic  and  churchiy  effects  are  apt  to  make 
the  lighting  expensive.  While  I  believe  in  good  and  beautiful 
church  lighting,  it  is  well  to  beware  of  such  things  as  stained 
glass  which  decorators  like  to  use,  because  good  lighting  is  hard 
to  procure  when  it  is  used. 

Another  thing  of  importance  is  the  brilliance  of  light  in 
churches.  In  some  churches  where  many  lamps  are  provided 
never  more  than  half  of  them  are  used.  Sometimes  also  the 
controlling  apparatus  is  placed  in  such  an  awkward  manner  that 
it  is  impossible  to  control  the  lamps  without  startling  the  con- 
gregation and  attracting  too  much   attention. 
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Mr.  C.  O.  Bond: — In  the  Market  Square  church  in  German- 
town  provision  is  made  for  hghting  the  speaker.  The  fixture 
stands  out  with  graceful  curves  from  the  side  of  the  building,  so 
that  a  hemispherical  silver  globe  is  directly  over  the  speaker's 
head ;  it  is  so  canted  forward  that  no  light  shines  in  the  eyes  of 
the  audience,  but  the  speaker  has  a  very  bright  'light  cast  upon 
him.  If  the  preacher  speaks  in  an  eloquent,  impassioned  strain, 
I  can  easily  see  that  when  he  is  warmed  up  to  his  subject,  it 
is  exceedingly  important  to  properly  light  his  face. 

In  the  latter  part  of  his  paper,  Mr.  Perrot  spoke  rather  apolo- 
getically in  using  the  word  "theatrical"  in  regard  to  church 
lighting.  Now,  the  word  "theatrical"  is  one  at  which  we  have 
come  to  look  askance,  yet,  the  spirit  of  this  age  is  to  give  max- 
imum effect  to  whatever  we  do,  and  if  the  lime-light  on  a  speak- 
er's face  will  better  serve  his  purpose  tO'  drive  home  a  moral 
truth,  we  should  use  it. 

Mr.  Walton  Forstall : — Mr.  flayers  said  that  we  have  a  great 
opportunity  to  improve  church  lighting.  I  do  not  know  of  any 
one  thing  that  needs  more  improvement.  There  are  many  old 
churches  which  will  stay  old  for  a  long  time,  and  I  do  not  know 
of  any  better  suggestion  than  to  persuade  some  of  the  members 
of  the  Boards  of  Trustees  to  improve  the  lighting,  or  rather  to 
let  us  do  it.  In  churches  that  already  exist  a  great  deal  of  good 
can  be  accomplished  with  little  expense. 

Mr.  B.  G.  Perrot : — I  wish  to  second  what  Mr.  Hering  has 
said  in  reference  to  a  lower  degree  of  illumination  for  church 
lighting,  by  the  use  of  a  system  which  does  away  with  fixtures 
that  allow  the  naked  lamps  to  be  exposed  to  the  eye.  I  know 
from  practical  experience  the  strain  of  naked  lamps  on  the  eyes ; 
in  certain  position  it  is  impossible  to  see  the  centre  of  the  altar 
because  the  lamps  are  on  top  of  the  pews  and  just  at  the  level  of 
the  eye,  and  thus  interfere  with  a  clear  view  of  the  altar.  It  is 
impossible  to  see  the  other  end  of  the  church  through  these 
naked  lamps,  while  if  those  same  lamps  were  arranged  on  each 
side  of  the  church  so  as  to  make  general  illumination,  although 
certain  parts  would  not  be  lighted  nearly  as  brightly  as  they 
are  now,  the  effect  on  the  congregation  would  be  almost  perfect. 
As  Mr.  Hering  says,  a  bright  light  contracts  the  pupil  of  the 
eye,  while  if  the  light  is  dimmer,  the  pupil  will  expand  and  put 
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the  owner  more  at  his  ease.  I  am  glad  he  brought  out  that 
thought;  it  is  just  these  considerations  that  will  lead  the  illu- 
minating engineer  to  rearrange  his  schemes  of  lighting.  People 
should  not  be  compelled  to  look  through  lamps  in  order  to  see 
what  is  taking  place  farther  on. 

Regarding  what  Professor  Rowland  has  said  with  reference 
to  lighting  the  face  of  the  speaker,  I  had  hoped  that  this  prob- 
lem would  be  solved  here  tonight.  I  think  that  such  a  scheme 
as  his,  if  carried  out,  would  lead  to  a  successful  solution.  As 
it  is  necessary  to  have  a  bright  light  on  the  speaker,  I  do  not 
see  any  objection  to  suspending  lamps  from  the  ceiling  or  put- 
ting them  on  standards,  or  arranging  them  in  any  other  way 
that  will  throw  light  on  the  speaker,  provided  the  desired  result 
is  obtained  and  the  naked  lamps  do  not  shine  in  the  eyes  of  the 
congregation.  Art  will  come  to  your  aid  in  enriching  the  bald 
construction  of  the  fixture,  or  whatever  it  happens  to  be,  and 
will  lend  its  influence  to  enrich  the  dark  side  of  the  fixture. 
Whether  the  solution  of  the  problem  is  to  have  a  higher  foot- 
candle  of  illumination,  or  to  project  light  on  the  speaker,  will  have 
to  be  determined  by  experience. 


IMPROVEMENT   OF   EXISTING    ILLUMINATION    AR- 
RANGEMENTS IN  SMALL  STORES.^ 


The  subject  of  improving  the  illumination  of  small  stores  and 
residences  with  a  minimum  amount  of  change  in  existing  ar- 
rangements was  discussed  by  the  Chicago  section,  at  its  May 
meeting. 

Mr.  E.  W.  Lloyd: — In  order  to  compete  with  the  indoor  and 
outdoor  electric  arc  lamps  and  so-called  *"gas  arcs,"  the  Com- 
monwealth Edison  Company  is  making  use  of  a  type  of  cluster, 
which  consist  of  four  6o-watt  lamps  with  a  flat  porcelain  re- 
flector. The  object  of  using  four  lamps  is  to  protect  the  cus- 
tomer. If  the  fixture  had  only  one  lamp  it  would  be  a  serious 
matter  if  it  burned  out  during  the  evening.  The  small  store- 
keeper is  steadily  increasing  his  demand  for  light,  especially  in 
large  cities  where  his  competitors  force  him  tO'  use  more  light. 
The  tungsten  lamp  will  help  electric  lighting  companies,  as  the 
Welsbach  mantle  has  helped  the  gas  company.  These  clusters 
are  put  out  in  two  ways — one  whereby  the  lamps  are  in  use  dur- 
ing specified  hours  and  charge  a  flat  price  for  energy  and  lamp 
renewals  and  maintenance  of  the  cluster ;  the  other  proposition 
is  on  a  meter  basis.  The  number  of  hours'  use  per  month  of  a 
cluster  may  be  determined  by  means  of  maximum-demand  meter 
reading,  and  a  rental  charge  for  maintenance  is  made  which 
varies  according  to  the  number  .of  hours  the  cluster  is  used. 
Customers  are  not  expected  to  touch  the  lamps,  which  are  con- 
trolled by  the  company. 

Mr.  George  Harvey  Jones: — In  equipping  old  residences  for 
electric  light,  in  the  majority  of  cases  the  customers  wish  com- 
bination fixtures.  One  must  also  take  into  consideration  the 
tungsten  lamp.  There  are  plenty  of  combination  fixtures  on  the 
market,  but  I  have  seen  none  with  which  the  tungsten  lamp  can 
be  properly  used,  because  this  lamp  should  be  placed  up  high 
to  get  the  best  results.  I  have  designed  a  fixture  which  I  be- 
lieve meets  the  conditions.     In  this  fixture  the  tungsten  lamps 

1  Topical  discussion  by  the  Chicago  Section,  May  14,  1908. 
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are  placed  at  the  ceiling  and  the  gas  jets  are  on  an  extension 
coming  up  from  the  center  of  the  ceiling  fixture  and  dropping 
down  low  enough  so  that  the  gas  will  not  injure  the  .ceiling. 
The  fixture  is  so  made  that  the  gas  extension  may  be  readily 
taken  off  and  capped,  if  the  customer  decides  to  use  elec- 
tricity exclusively. 

Mr.  M.  C.  Beebc: — One  might  arrange  a  couple  of  inverted 
gas  burner  outlets  near  the  ceiling,  where  you  suggest  the  use 
of  the  tungsten  lamp. 

Mr.  Lloyd : — What  is  the  smallest  candle-power  of  inverted 
gas  lamp? 

Mr.  Beebe: — About  20  candle-power,  consuming  1.5  cubic 
feet  per  hour. 

Air.  W.  R.  Bonham: — With  gas  at  85  cents  per  1000  cubic 
feet  and  electrical  energy  at  14  cents  per  kw-hour,  electric  light 
costs  eight  times  as  much  as  gas  light  if  incandescent  lamps, 
taking  3.5  watts  per  candle  are  used.  As  a  compensation,  how- 
ever, more  of  the  light  is  given  downwards  with  the  electric 
lamps,  and  they  will  probably  be  switched  on  and  off  more  fre- 
quently, so  that  for  the  same  service  one  would  not  have  the 
same  number  of  hours  of  burning.  In  regard  to  lighting  bills, 
there  are  only  two  in  my  family,  and  while  we  have  all  the  light 
we  wish,  the  bill  for  the  past  month  was  only  80  cents.  If  a 
man  will  take  advantage  of  high-efficiency  lighting  arrangements, 
his  bills  will  be  low. 

Mr.  J.  R.  Cravath: — How  close  to  the  ceiling  may  one  place  an 
inverted  gas  burner  with  safety?  A  plan  I  have  in  mind  is  to 
place  clusters  of  inverted  burners  in  a  certain  installation  about 
2  feet  from  the  ceiling,  to  be  used  for  breakdown  service  when 
electric  light  gives  out. 

Mr.  Beebe: — Whether  a  mantle  is  in  constant  use  or  not,  it  re- 
quires attention.  I  think  the  best  results  from  gas  lighting  are 
obtained  when  the  clusters  can  be  kept  in  order  for  constant 
use.  I  fear  one  would  not  be  justified  in  putting  mantles  on 
burners  for  breakdown  service. 

Mr.  Charles  Wing: — It  would  be  safe  to  put  burners  18  inches 
from  the  ceiling  for  emergency  purposes. 

Mr.  C.  R.  Gil  man: — I  can  say  in  the  matter  of  using  gas  as  an 
auxiliary  that  there  are  a  number  of  passenger  cars   equipped 
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with  four  inverted  burners  in  addition  to  four  electric  lamps  on 
the  same  fixture  and  the  gas  is  used  for  auxiliary  purposes  en- 
tirely. The  breakage  of  mantles,  etc.,  has  been  very  slight  and 
the  service  satisfactory. 

Mr.  J.  R.  Cravath: — The  distribution  of  light  from  inverted 
gas  mantle  burners  is  very  similar  to  that  from  tungsten  lamps 
with  bowl  reflectors.  In  using  tungsten  lamp  clusters  for  the 
general  illumination  of  a  store  or  similar  room  it  is  very  impor- 
tant for  obtaining  maximum  efficiency  to  avoid  the  use  of  flat 
reflectors  which  allow  much  light  to  be  given  off  horizontally, 
which  could  be  utilized  to  better  advantage  if  given  oft*  at  some 
lower  angle.  In  a  store  a  moderate  illumination  is  desired  on 
ceilings  and  high  sidewalls,  but  most  of  all  strong  illumination 
is  needed  on  the  goods  in  the  low^er  part  of  the  store  at  and 
near  the  counter  level.  The  use  of  a  tungsten  lamp  cluster 
with  lamps  projecting  down  below  an  approximately  flat  reflector 
is  bad,  not  only  because  of  the  blinding  effect  on  the  eye,  but 
because  too  large  a  proportion  of  the  total  flux  of  light  is  thrown 
on  the  high  sidewalls  where  it  does  a  minimum  amount  of  good. 
There  is  no  reason  why  the  flat  reflectors  cannot  be  replaced  by 
a  dome-shaped  reflector,  which  will  cover  the  lamps  and  so  pro- 
tect the  eyes  and  at  the  same  time  deliver  a  larger  percentage  of 
the  flux  of  light  from  the  lamp  where  it  is  most  needed.  With 
proper  density  of  opal,  enough  light  can  be  let  through  for  the 
satisfactory  lighting  of  high  ceilings  and  sidewalls. 

OLD    CHANDELIERS. 

One  of  the  commonest  problems  met  with  in  residence  lighting 
is  to  get  more  useful  illumination  from  the  typical  old-fashioned 
chandelier  with  lamps  at  an  angle  of  45  degrees,  usually  equipped 
with  bell-shaped  shades.  Besides  being  one  of  the  commonest, 
this  is  one  of  the  most  difficult  conditions  to  deal  with.  In  some 
cases  it  is  possible  with  care  to  bend  the  chandelier  arms  so  as 
to  point  the  sockets  straight  down.  When  this  is  done,  any  one 
of  a  number  of  different  kinds  of  reflectors  which  will  give  an 
efficient  distribution  of  light  over  the  lower  part  of  an  ordinary 
small  living  room  can  be  used.  Assuming  that  the  lamps  are 
rated  at  between  8  and  20  candle-power,  among  the  opal  reflec- 
tors  available   are   the   7-inch   and   8-inch   opal   domes   and   the 
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6-inch,  7-incli  and  8-inch  fluted  opal  cones,  which  are  staple 
trade  articles.  If  tungsten  lamps  are  used,  the  best  reflector  I 
have  found  for  a  condition  of  this  kind  in  a  living  room  is  a 
deep  bowl-shaped  prismatic  reflector  with  heavy  white  enamel 
which  diffuses  the  intense  light  from  the  tungsten  filament  so 
^'uccessfully  as  to  give  the  appearance  and  eye  comfort  of  a 
dense  opal.  At  the  same  time,  it  is  fairly  efficient  as  a  reflector. 
It  should  always  be  used  with  a  special  shade  holder  which 
brings  the  reflector  about  i  inch  lower  than  the  standard  shade 
holder.  It  is  not  permissible  if  one  has  any  regard  for  eye 
comfort  to  put  a  tungsten  lamp  at  the  ordinary  height  of  the 
chandelier  in  a  small  living  room,  unless  it  is  covered  by  some 
such  deep  diffusing  shade  as  this. 

If  the  arms  on  the  chandelier  cannot  be  bent  and  the  sockets 
must  remain  at  an  angle,  there  is  no  very  satisfactory  way  of 
making  a  marked  increase  in  the  amount  of  useful  illumination 
in  the  lower  part  of  the  room  without  introducing  with  it  objec- 
tionable glare.  If  one  puts  on  fairly  concentrating  reflectors 
discomfort  will  be  caused  to  anyone  who  sits  facing  the  chan- 
delier. Not  only  will  the  lamp  filament  be  visible,  but  the  re- 
flected light  will  add  to^  the  glare.  The  only  way  I  have  found 
to  increase  the  illumination  in  the  lower  part  of  the  room  and  at 
the  same  time  to  reduce  the  glare  with  lamps  at  an  angle  is  to 
equip  the  chandelier  with  prismatic  enclosing  globes.  These  en- 
closing globes  give  as  concentrated  a  distribution  as  can  be 
obtained  wnth  an  enclosing  globe,  although  the  percentage  of 
light  delivered  below  the  horizontal  is  not  so  great  as  with  ef- 
ficient reflectors.  The  light  is,  however,  well  softened  and  dif- 
fused. The  enclosing  globes  are  rather  heavy  for  use  at  an 
angle.  In  order  to  secure  better  light  for  reading,  the  owner 
of  such  a  chandelier  is  frequently  willing  to  hang  a  lamp  with 
a  suitable  deep  reflector  on  the  chandelier  by  means  of  a  short 
piece  of  drop-cord  plugged  into  one  of  the  sockets.  This  is  a 
makeshift,  but  it  permits  the  use  of  the  tungsten  lamp  where 
it  could  not  otherwise  be  used. 

REFLECTORS   ON    CEILING   RECEPTACLES. 

On  old  and  new  work  it  frequently  happens  that  a  ceiling  re- 
ceptacle is  provided  of  the  composition-ring  type  which  does  not 
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permit  the  use  of  a  shade  holder  without  danger  that  the  ring* 
will  melt  and  let  the  glassware  fall.  Again  use  is  sometimes 
made  of  flush  receptacles,  upon  which  there  is  no  possibility  of 
placing  a  shade  holder.  The  illuminating  engineer  frequently 
finds  it  desirable  to  use  reflectors  on  such  receptacles.  Frequently, 
also,  a  pendant  switch  is  desirable.  Especially  is  this  true  in  con- 
nection with  tungsten  lamps  where  it  is  desired  to  place  the 
tungsten  lamps  high  against  the  ceiling  to  displace  lamps  formerly 
used  on  low  drop-cords.  In  order  to  get  a  shade  holder  on  such 
receptacles  and  also  to  permit  the  use  of  a  pendant  switch,  I 
have  used  a  tap  which  is  practically  a  combined  extension  plug 
and  socket  with  bushed  opening  for  a  pendant  switch. 

SMALL    STORES. 

An  arrangement  frequently  found  in  country  and  suburban 
stores  is  a  row  of  incandescent  lamps  over  each  counter, 
the  lamps  usually  having  no  reflectors  except  possibly 
small,  flat  opal  reflectors.  This  situation  is  very  easily  dealt 
with  at  small  expense.  The  drop-cords  can  be  shortened  so  as 
to  bring  the  lamps  to  8  ft.  above  the  floor.  If  i6-c.  p  lamps  are 
retained,  the  fluted  opal. cone  reflector  is  one  of  the  best  to  use. 
If  larger,  higher-efiiciency  incandescent  lamps  are  installed,  cor- 
respondingly large  reflectors  must  be  used,  preferably  of  the 
bowl  type. 
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A  Special  meeting  of  the  Council  of  the  society  was  held  on 
Thursday,  September  24,  there  being  in  attendance  President 
Bell  and  Messrs.  C.  H.  Sharp,  L.  B.  Marks,  A.  H.  Elliott,  C.  O. 
Bond,  W.  H.  Gartley,  G.  R.  Green,  W.  D.  Weaver  and  J.  E. 
Woodwell. 

The  Committee  on  Certificates  of  Membership  submitted  a  copy 
of  the  proposed  certificate,  and  suggested  that  a  conventional 
seal  for  the  society  be  secured  and  stamped  on  the  certificates. 
A  motion  was  made  that  the  committee  be  authorized  to  have 
engraved  a  suitable  seal  for  the  society  ;  also,  that  the  design  of 
the  certificate  be  accepted,  and  that  the  committee  be  instructed 
to  have  one  thousand  certificates  printed,  and  have  stamped  on 
each  one  the  stamp  of  the  newly-acquired  seal.  Motion  seconded 
and  carried.  It  was  moved  and  carried  that  the  present  presi- 
dent and  the  present  secretary  of  the  society  be  authorized  to 
sign  the  certificates  as  presented. 

The  Committee  on  Finance  reported  unpaid  bills  amounting 
to  $475.47,  which  were  approved  by  the  Council  for  payment. 

It  was  resolved  that  the  society  shall  assume  all  expenses  per- 
taining to  the  advance  copies  of  convention  papers,  the  convention 
number  of  the  Transactions,  and  the  stenographic  reporting 
of  the  Philadelphia  Convention.  The  chairman  of  the  Conven- 
tion Committee  stated  that  the  unexpended  balance  of  the  con- 
vention funds  will  be  turned  over  to  the  society. 

A  suggestion  was  offered  by  the  chairman  of  the  Committee 
on  Papers  that  the  Council  authorize  the  appointment  of  a  sub- 
committee of  the  General  Papers  Committee,  whose  purpose  should 
be  to  take  charge  of  the  procurement  of  papers  to  be  presented 
before  the  local  sections,  and  to  secure  closer  co-operation  among 
the  sections  in  the  matter  of  preparing  their  programs  of  papers 
for  presentation. 
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The  Council  moved  to  accept  this  recommendation  and  re- 
quested President  Bell  to  appoint  a  committee  in  accordance  with 
the  same.  Acting  upon  this  motion,  the  president  appointed  the 
Sub- Committee  of  the  Committee  on  Papers  to  be  constituted  as 
follows  : 

Mr.  Preston  S.  Millar,  Chairman. 
Mr.  Jos.  D.  Israel,  Secretary,  Philadelphia  Section. 
Mr.  R.  C.  Ware,  Secretary,  New  England  Section. 
Mr.  Geo.  H.  Jones,  Secretary,  Chicago  Section. 

Relative  to  the  paper  on  "High  Efficiency  Illuminants  "  by 
Mr.  H.  M.  Daggett,  Jr.,  it  was  moved  and  duly  carried  that  the 
matter  be  referred  to  a  committee  of  three  to  be  appointed  by 
President  Bell — of  which  the  President  shall  be  one — to  look 
into  the  facts  of  the  publication  of  this  paper,  and  to  decide 
whether  or  not  it  shall  be  published  in  the  Transactions. 

President  Bell  appointed  Mr.  C.  O.  Bond  and  Dr.  A.  E.  Ken- 
nelly  to  serve  on  this  committee.  After  having  investigated  the 
facts  the  committee  reported  that,  in  view  of  the  unauthorized 
publication  of  the  paper  in  full  in  a  technical  journal  and  also  in 
the  form  of  a  bulletin  by  a  manufacturing  company,  it  has  be- 
come unavailable  for  publication  in  the  Transactions. 

The  following  members  were  elected  on  the  dates  specified  : 

Members  EIvEcted  JtjLy  14,  1908. 

Avery,  Arthur  B.,  Salesman,  Cleveland  Gas  &  Electric  Fixture  Com- 
pany, Conneaut,  Ohio. 

Carpenter,  HaroIvD,  Superintendent  of  Construction,  Astoria  Light, 
Heat  &  Power  Company,  Astoria,  h.  I. 

FiEi<D,  Ernest  L.,  Manager,  Norfolk  Construction  Company,  Hyde 
Park,  Mass. 

Graham,  Robert  L.,  Salesman,  Cleveland  Gas  &  Electric  Fixture  Com- 
pany, Conneaut,  Ohio. 

HoLZMAN,  WiiviviAM  F.,  Consulting  Engineer,  420  West  Flournoy  St., 
Chicago,  111. 

Johnston,  M.  E.,  Secretary  and  Treasurer,  Universal  Engineering  & 
Operating  Company,  79  Wall  St.,  New  York. 

Kenney,  Frederick  P.,  Electrician,  Waltham,  Mass. 

Learned,  Wai^doA.,  General  Superintendent,  Newton  &  Watertown 
Gas  Light  Company,  Newton,  Mass. 

Lyon,  W.  P.,  Estimator,  Chicago  Edison  Co. ,  139  Adams  St.,  Chicago, 
111. 

Maxheimer,  F.  C,  Cleveland  Gas  &  Electric  Fixture  Company,  Con- 
neaut, O. 
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Nichols,   Wii^i^iam  B.,   Assistant  General  Manager,   Citizens  Gas  Light 
Company,  11  Granite  St.,  Quincy,  Mass. 

RiLKY,  J.  M.,  Assistant  General  Manager,   Chelsea  Gas  Light  Company, 
Chelsea,  Mass. 

Spangenberg,  Brewster  H.,   Engineer  and  General  Manager,   Rotary 
Meter  Company,  280  Broadway,  New  York. 

SwANN,  Theodore,    Owner  and  Engineer,   Swann   Electric  Company, 
Bristol,  Va. 

Tweedy,  E.  F.,   Manager,   2nd  District  Office  of  New  York  Edison  Com- 
pany, 124  West  42nd  St.,  New  York, 

Van  Sant,   Frank  R.,    Incandescent  Lamp  Salesman,    Edison   Lamp 
Works,  General  Electric  Company,  Harrison,  N.  J. 

Whitman,    M.  GiIvBERT,   Salesman,    Cleveland  Gas  &  Electric  Fixture 
Company,  Conneaut,  Ohio. 

Members  Elected  September  24,  1908. 

Abell,  H.  C,  Mechanical  Engineer,  40  Wall  St.,  New  York. 

Anthony,  E.  E.,  District  Sales  Manager,  The  Tungstolier  Company,  520 
Citizens  Bldg. ,  Cleveland,  Ohio. 

Ashe,  Sidney  Whitmore,  Consulting  Electrical  Engineer  and  Educator, 
440  East  Fifth  St.,  Brooklyn,  N.  Y. 

Austermuhl,  Edward  C,  534  Bailey  St.,  Camden,  N.  J. 

Babcock,  Edwin  W.,   Superintendent  Electrical  Construction,    Edison 
Electric  Illuminating  Company,  Brooklyn,  N.  Y. 

Barstow,  W.  S.,  President,  W.  S.  Barstow  &  Company,   50  Pine  Street, 
New  York. 

Beebe,  T.  R.,   Associated  with  Commercial  Department  of  People's  Gas 
Light  Co.,  155  Michigan  Ave.,  Chicago,  111. 

Benedict,  Clarence  M.,  New  Business  Dept.,  United  Gas  Improvement 
Company,  Philadelphia,  Pa. 

Berry,  S.  F. ,  Inspector,  Holophane  Glass  Company,   233  Center  Ave., 
Newark,  Ohio. 

Bloomingdale,  Charles,  Jr.,   Advertising   Manager,    Welsbach   Com- 
pany, 412  United  Gas  Improvement  Bldg.,  Philadelphia,  Pa. 

Bunnell,    Charles  M.,    Associated   with   Lamp   Sales   Dept.,   General 
Electric  Company,  Harrison,  N.  J. 

BusCHMANN,  A.  J.,  Electrical  Contractor,  72  West  38th  St.,  New  York. 

Cady,  Francis  E.,  Assistant  Physicist,  Bureau  of  Standards,   Washing- 
ton, D.  C. 

CallEnbach,  J.  A.,  Chemist,  131  Maple  Terrace,  Merchantville,  N.  J. 

Chubbuck,  S.  E.,  Manager  Welsbach  Company,   14  North  Charles  St., 
Baltimore,  Md. 

Clark,  John  A.,  Jr.,  Supt.  of  Distribution,  Orange  Dist.,  Public  Service 
Corporation,  East  Orange,  N.  J. 

CoLQUHOUN,  Edward  M.,   New   Business   Agent,   United  Gas  Impiove- 
ment  Company,  N.  W.  Corner  Broad  and  Arch  Sts.,  Philadelphia,  Pa. 

Dashiell,  Philip  Thornton,   Assistant  Engineer,    Gas  Dept.,   Public 
Service  Corporation,  446  Market  St.,  Newark,  N.  J. 
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Deck,  Benj,  Franklin,  Draughtsman,  Welsbach  Company,  Gloucester, 
N.J. 

Elcock,  Thomas  R.,  Jr.,  Associated  with  New  Business  Dept.,  United 
Gas  Improvement  Company,  Philadelphia,  Pa. 

Farrand,  Dudley,  2nd  Vice-President  and  General  Manager,  Public 
Service  Corporation,  207  Market  St.,  Newark,  N.  J. 

Fisher,  Dana  L.,  Electrical  Engineer,  220  Devonshire,  Boston,  Mass. 

Galloway,  Frank  B.,  Sales  Manager,  Tungstolier  Company,  520  Citi- 
zens Bldg.,  Cleveland,  Ohio. 

Garland,  W.  Iv.,  General  Agent,  Safety  Car  Heating  &  Lighting  Com- 
pany, 501  Arcade  Bldg.,  Philadelphia,  Pa. 

Graham,  B.  D.,  Holophane  Glass  Company,  259  West  Church  St.,  New- 
ark, O. 

GwiLLiAM,  George  T.,  Civil  Engineer,  The  Union  League,  Philadel- 
phia, Pa. 

Hanchett,  George  T.,  Electrical  and  Mechanical  Engineer,  237  Fulton 
St.,  New  York. 

Helm,  O.  C,  38  Lake  St.,  Chicago,  111. 

Henry,  J.  R.,  Salesman,  Chandeliers,  265  South  4th  St. ,  Philadelphia,  Pa. 

Hering,  Carl,  Electrical  Engineer,  929  Chestnut  St.,  Philadelphia,  Pa. 

Hiles,  Theron  L.,  Associated  with  Rushmore  Dynamo  Works,  1330 
Michigan  Ave.,  Chicago,  111. 

Hoar,  F.  Emerson,  Electrical  and  Illuminating  Engineer,  Metropolis 
Bank  Bldg.,  San  Francisco,  Cal. 

Holdcraft,  Chas.  a.,  Photometrician,  Welsbach  Company,  Gloucester, 
N.  J. 
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CHICAGO   SECTION. 

At  a  meeting  of  the  Chicago  Section  of  the  Society,  on  Octo- 
ber 15,  a  paper  was  presented  by  Messrs.  A.  D.  Curtis  and  A.  J. 
Morgan,  entitled  "Indirect  Lighting."  The  meeting  was  held  at 
the  residence  of  Mr.  Curtis,  where  the  system  of  lighting  de- 
scribed in  the  paper  was  shown  in  actual  service.  The  paper  and 
the  discussion  following  its  presentation  will  be  published  in  a 
subsequent  issue  of  the  Transactions. 

NEW   YORK   SECTION. 

A  meeting  of  the  New  York  Section  was  held  on  October  15, 
when  a  committee  consisting  of  Dr.  A.  H.  Elliott,  Mr.  K.  F. 
Tv,reedy  and  Mr.  Norman  Macbeth  reviewed  the  papers  and  dis- 
cussions presented  at  the  Philadelphia  Convention  of  the  Society. 
The  integrating  sphere  and  the  colorimeter  described  in  two  of 
the  papers  were  exhibited  and  explained.  Secretary  Millar  an- 
nounced that  definite  arrangements  have  been  made  for  three 
monthly  meetings  of  the  Section.  The  library,  the  illumination 
of  which  was  described  in  the  Convention  paper  of  Mr.  L.  B. 
Marks,  will  be  visited  during  November,  when  the  author  will 
explain  the  lighting  features.  Dr.  C.  P.  vSteinmetz  will  deliver  a 
lecture  during  December  on  a  subject  not  yet  announced.  The 
subject  of  street  lighting  will  be  discussed  at  the  January  meet- 
ing, when  papers  will  be  read  by  Mr.  W.  C.  Allen  and  Mr.  C.  S. 
Rhodes. 
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NEW    ENGLAND    SECTION. 

The  New  England  Section  held  a  meeting  on  October  23  for 
reviewing  and  discussing  the  Convention  papers,  copies  of  all  of 
which  were  distributed.  The  papers  were  abstracted  by  members 
who  had  attended  the  Convention,  including  Dr.  Louis  Bell,  Mr. 
Louis  D.  Gibbs,  and  Mr.  J.  S.  Codman,  after  which  a  general  dis- 
cussion was  had.     There  were  27  members  in  attendance. 


ANNUAL  CONVENTION  NOTES. 


The  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  which  was  held  in  Philadelphia  on  Monday  and 
Tuesday,  October  5  and  6,  proved  successful  beyond  all  expecta- 
tions. The  total  registered  attendance  reached  400,  of  whom 
242  were  members,  and  158  guests. 

The  address  of  welcome  to  the  city  was  delivered  by  Mr.  Wil- 
liam F.  Gleason,  as  secretary  to  Mayor  Reyburn  who  was  pre- 
vented from  being  present  on  account  of  his  duties  in  connection 
with  the  exercises  of  Founders'  Week.  After  this  address,  the 
Chairman  of  the  Committee  on  Arrangements,  Mr.  George  Ross 
Green,  introduced  Dr.  Louis  Bell,  who  delivered  his  Presidential 
Address,  entitled,  "Street  Lighting."  The  next  item  on  the 
program,  and  the  last  for  the  opening  session  on  Monday  morn- 
ing, was  the  reading  of  the  "Report  of  the  Committee  on  Nomen- 
clature and  Standards,"  by  Dr.  E.  P.  Hyde,  secretary  of  the  sub- 
committee, in  the  absence  of  the  chairman.  Dr.  A.  C.  Humphries. 

The  present  issue  of  the  Transactions  contains  all  of  the 
Convention  papers  for  which  corrected  reports  of  the  discussions 
were  returned  by  the  speakers  during  October.  It  is  hoped  that 
the  discussions  of  the  remaining  papers  will  be  revised  by  the 
speakers  in  time  for  appearance  in  the  November  issue. 

Additional  sessions  for  the  presentation  and  discussion  of 
papers  w^ere  held  on  Monday  evening,  Tuesday  morning,  and 
Tuesday  afternoon.  At  the  opening  of  the  session  on  Monday 
evening,  the  President  announced  that  certificates  of  membership 
in  the  Society  are  now  available.  The  certificates  are  properly 
engraved  and  will  furnish  a  pleasant  remembrance  of  member- 
ship in  the  Society.  Application  should  be  made  to  the  secre- 
tary, the  price  being  one  dollar  per  certificate. 

On    Monday   afternoon    the  members  and  guests  viewed  the 
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military  parade  of  regular  and  state  troops,  after  luncheon  had 
been  served  at  Hotel  Walton.  On  Tuesday  evening  a  special 
vaudeville  entertainment  was  provided  at  the  Walton.  An  excel- 
lent exhibit  of  devices  and  apparatus  of  interest  to  illuminating 
engineers,  including  the  integrating  sphere,  the  colorimeter,  and 
gas  lighting  conveniences,  described  in  three  of  the  Convention 
papers,  was  held  in  a  special  room  at  the  Walton  devoted  to  this 
purpose. 
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STREET  LIGHTING. 


BY   DR.    LOUIS    BthL. 


I  need  hardly  say  that  it  gives  me  great  pleasure  to  meet  the 
society  at  this  second  Annual  Convention.  But  is  is  not  for  the 
purpose  of  obvious  congratulations  in  the  gathering  that  I  arise 
now,  but  rather  for  the  purpose,  if  I  may  put  it  so  boldly,  of 
bringing  before  you  reasons  for  repeating  the  cry  of  Ajax  for 
"more  light." 

Unfortunately,  we,  in  these  times,  can  only  call  for  more  light 
— we  have  not  the  privilege  of  Joshua  in  holding  the  sun  and 
the  moon  still  to  provide  it  for  us.  Things  were  done  in  a  better 
way  in  the  olden  times,  they  have  always  said. 

The  topic  which  I  wish  to  bring  before  the  Convention  defi- 
nitely, then,  is  the  topic  of  street  lighting, — some  of  the  things 
which  underlie  it,  some  of  the  things  which  are  needed  to  make 
it  sound  in  practice  as  well  as  in  theory. 

Man  is  becoming  more  and  more  a  nocturnal  animal.  It  was 
not  more  than  two  hundred  odd  years  ago,  perhaps  about  the 
time  that  Philadelphia  was  founded  or  a  little  later,  that  the  first 
attempts  at  systematic  street  lighting  were  made.  One  has  but 
to  consult  the  evidences  of  old  books  and  old  prints  to  see  very 
plainly  that  our  ancestors  and  contemporaries  of  the  founders 
of  Philadelphia  had  very  little  to  show  in  the  way  of  public 
lighting.  A  candle  flickering  in  the  wind  near  a  window,  a  horn 
lantern  casting  a  feeble  glimmer  down  the  street  and  dribbling 
oil  on  the  passers-by,  and  a  pine  knot  or  a  flambeau  of  asphaltum, 
borne  by  a  torch-bearer  hurrying  through  the  crowd,  and  thrust- 
ing his  smoky  weapon  in  the  face  of  the  passers-by — these  were 
about  all  that  the  world  could  boast  of  in  the  way  of  street  light- 
ing two  hundred  or  two  hundred  and  fifty  years  ago. 

The  activities  of  men  are  so  far  transferred  from  day  to  night, 
at  the  present  time,  that  it  becomes  absolutely  necessary  to  make 
provision  for  those  who  are  traveling  about  after  night-fall,  and 
for  the  general  business  that  is  carried  on  at  night, — business  of 
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the  theatres  and  concerts,  and  business  of  people  hurrying  from 
one  place  to  another  in  the  ordinary  routine  of  their  day's  work 
extending-  until  after  sunset.  For  all  of  these  purposes  light, 
and  plenty  of  it,  is  necessary,  but  this  Hght  we  have  only  to  a 
rather  limited  extent  in  most  cities. 

The  fundamental  criticism  against  most  attempts  at  street 
lighting  lies,  not  in  the  illuminants  used,  nor  in  their  application, 
so  much  as  in  an  improper  adjustment  of  the  illumination  to  the 
needs  of  the  city.  Street  lighting  has  been  a  growth  and  an 
evolution,  but  like  all  growths,  it  has  proceeded  to  a  certain  ex- 
tent along  the  lines  of  least  resistance. 

The  result  is,  that  locking  over  a  city, — particularly  an  Ameri- 
can city,  however  good  the  intention  of  the  city  government, 
however  excellent  the  technical  skill  of  those  who  furnish  the 
light,  much  is  still  left  to  be  desired.  The  difficulty  lies  in  the 
fact  that  the  illumination  is  spread  out  too  thin,  so  to  speak.  We 
do  not  carefully  discriminate  between  streets  the  nature  of  the 
usage  of  which  demands  considerable  light,  and  those  streets 
which  are  perfectly  well  illuminated  with  a  much  less  quantity 
of  light.  We  attempt  to  follow  out  the  general  American  theory 
that  all  men  and  all  things  are  free  and  equal,  and  distribute  a 
very  finite  amount  of  light  over  a  very  large  area,  with  some  ap- 
proximation to  uniformity,  lest  we  hurt  the  feelings  of  our  good 
fellow  citizens  by  insinuating  that  Z  Street  does  not  carry  the 
heavy  traffic,  and  is  not  so  crowded  with  by-passers  in  the  even- 
ing as  A  Street.  In  point  of  fact,  we  all  know  in  going  through 
a  city,  that  there  are  certain  great  avenues  of  evening  traffic, 
certain  places  where  light  is  needed  all  night,  and  every  night, 
and  a  great  deal  of  it.  The  commonest  failure  is  the  failure  to 
recognize  this  simple  fact,  and  in  attempting  a  certain  degree 
of  uniformity,  never  exact  uniformity,  of  course,  which  is  quite 
improper  when  one  considers  the  use  to  which  the  various  streets 
are  put. 

There  should  be  what  there  generally  is  not, — a  very  careful 
adjustment  of  the  resources  of  the  city  in  the  matter  of  public 
lighting,  so  as  to  facilitate  the  greatest  possible  amount  of  the 
evening  traffic.  This  means  that  in  streets  which  are  largely 
used  durmg  the  evening,  illumination  commensurate  with  their 
importance  should  be  used,  but  for  streets  where  the  night  traf- 
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fic  is  light,  and  where  passers-by  are  few,  only  light  enough  is 
needed  to  enable  the  people  to  get  about  comfortably.  There 
is  still  a  third  class  of  street  which  needs  individual  treatment, 
sometimes  gets  it  and  sometimes  does  not,  and  that  is  the  outlying 
street, — the  merely  suburban  road, — the  country  road  which  still 
comes  within  the  province  of  the  municipality  to  illuminate.  In 
places  of  that  sort  funds  are  seldom  available  for  providing  any- 
thing like  serious  illumination,  but  a  great  deal  for  the  conven- 
ience of  the  public  can  be  done. 

The  purpose,  the  fundamental  purpose  of  lamps  in  these  out- 
lying, little-used  streets,  which  yet  need  some  light,  is  merely  to 
serve  as  markers  of  the  way;  in  other  words,  in  these  unfre- 
quented places,  streets  where  illumination  of  the  first  order  is  un- 
necessary, and  that  of  the  second  order  needlessly  great,  the  im- 
portant thing  is  so  to  distribute  the  light  that  the  illuminants 
serve  to  mark  the  way  and  clear  the  passage  for  the  passers-by. 
In  such  places  the  somewhat  common  practice  of  using  very 
large  units  of  whatever  kind  is  obviously  improper.  One  marker 
a  mile  of  1,000  candle-power  is  not  anywhere  nearly  so  good  as 
half  the  amount  of  light  put  out  at  short  distances  in  smaller 
units ;  in  other  words,  where  a  lamp  is  used  merely  as  a  marker 
to  show  the  way,  and  a  general  illumination  can  not  be  under- 
taken, the  best  thing  is  to  employ  small  units  and  locate  them  so 
as  to  get  the  best  results  obtainable  from  the  energy  in  whatever 
way  it  may  be  applied. 

There  are  then  three  distinct  classes  of  streets  which  must  be 
considered  in  the  problem  of  the  theoretical  character  and  prac- 
tically useful  illumination.  First  there  are  the  chief  streets, — 
the  heavy  arteries  of  traffic  which  need  all  the  light  they  can  get. 
Then  there  are  the  secondary  street,  making  up  the  bulk  of  an 
ordinary  city,  which  need  to  be  well  lighted  but  do  not  require 
a  blaze  of  illumination,  because  they  are  used  in  an  entirely  dif- 
ferent way  from  the  main  streets.  And  finally  there  are  the  ter- 
tiary streets,  in  which  the  lighting  is  intended  merely  to  show 
the   way. 

In  our  ordinary  practice  here  these  classes  run  into  each  other 
by  such  gradual  transitions  that  one  can  hardly  tell  whether 
there  was  any  fundamental  idea  in  the  minds  of  the  persons  who 
laid  out  the  streets  or  not.     Our  chief  streets,  as  a  rule,  all  over 
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the  country,  are  really  poorly  lighted,  the  secondary  streets  not 
particularly  well  lighted — sometimes  a  little  better  than  they 
should  be,  and  sometimes  not  quite  so  well — and  the  tertiary 
streets  frequently  rejoice  only  in  one  illuminant  every  long  block, 
useless  for  practical  purposes  except  within  a  very  short  radius, 
and  utterly  failing,  too,  in  the  proper  marking  out  of  the  way. 
As  regards  the  absolute  amount  of  light  required  there  will  be 
always  difference  of  opinion.  In  the  principal  streets,  where 
the  traffic  is  constantly  heavy,  I  think  that  one  would  not  go 
far  wrong  in  following  the  principle  that  one  should  have  light 
enough  to  see  to  read  a  paper  by.  I  would  not  recommend  the 
citizens  to  sit  out  on  the  curb  and  read  their  evening  papers,  but 
I  think  the  chief  streets  of  the  city  should  be  always  so  well 
lighted  that  if  any  one  must  consult  a  note-book  to  find  his  way, 
or  wants  to  refer  to  a  letter  for  any  purpose,  he  should  be  able 
to  read  it  without  having  to  walk  a  half  block  to  get  under  the 
nearest  lamp.  As  to  the  secondary  streets,  much  less  amount 
of  light  than  that  is  desirable,  and  not  so  much  is  necessary,  in 
fact.     The  tertiary  streets  can  use  a  still  less  amount. 

In  connection  with  this  matter  it  is  noteworthy  that  the  foreign 
practice  in  England  and  on  the  continent  is  to  provide  in  the  dif- 
ferent streets  light  enough  to  read  a  paper  by.  This  summer  I 
traveled  miles  through  the  chief  streets  of  the  European  cities, 
and  was  able  to  read  the  fine  print  of  a  Baedecker  every  foot  of 
the  way  by  the  light  of  the  street  lamps  alone.  That  is  the  ordin- 
ary standard  of  goodness  which  is  lived  up  to  in  the  large  foreign 
centers. 

In  actual  amount  the  London  canon  in  lighting  calls  for  an 
average  of  something  like  a  quarter  of  a  foot-candle,  as  against 
one-tenth,  or  one-twentieth  in  the  ordinary  American  city.  The 
secondary  streets  on  the  side  use  about  the  same  value  of  illumi- 
nation as  the  ordinary  street  here.  The  tertiary  streets  are  still 
less  lighted,  perhaps  half  as  much,  but  the  light  is  invariably  se- 
cured by  comparatively  small  units,  either  gas  or  electric,  instead 
of  putting  up  very  big  units.  So  much  for  the  general  design 
of  the  illumination. 

Now  as  to  its  manner.  In  the  first  place,  whatever  the  inten- 
sity adopted,  it  is  desirable  to  have  a  fairly  uniform  distribution. 
By  that  is  not  meant  uniformity  at  the  expense  of  low  maxima. 
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but  it  is  undesirable  so  to  scatter  the  lamps  as  to  have  a  great 
deal  of  light  here  and  there  and  none  between.  Secondly,  it  is 
desirable  to  diffuse  the  light  so  as  to  make  it  as  useful  as  possi- 
ble. One  of  the  great  points  of  difference  between  the  practice 
here  and  European  practice  in  that  diffusing  globes  are  practi- 
cally in  universal  use  except  in  the  United  States ;  and  therefore 
there  is  less  uniform  lighting  here  than  almost  any  where  else. 
Merely,  if  for  no  other  reason,  because  the  light  is  not  diffused, 
the  illuminants  themselves  are  of  a  different  character,  are  intense- 
ly brilliant,  and  the  result  is  a  certain  dazzling  effect  which  very 
much  decreases  the  practical  usefulness  of  the  light,  on  just  the 
same  principle  that  a  bare  lamp  in  front  of  one's  eyes  is  a  very 
inconvenient  thing. 

In  the  matter  of  distribution  one  cannot  sacrifice  too  much  for 
the  sake  of  uniformity.  It  is  a  fact  which  one  will  find  out  readi- 
ly by  observation  that  one  can  light  a  street  uniformly  and  yet 
badly.  There  can  be  a  fairly  good  minimum  on  a  street,  and 
yet  it  may  be  lighted  badly  for  the  purposes  of  a  chief  street.  It 
may  be  well  to  mention  two  places  that  I  have  visited.  One  is 
a  place  in  Paris  where  there  is  a  tremendous  concentration  of  il- 
luminants. All  of  the  units  are  small  and  massed  together,  mass- 
ed in  a  way  that  would  show,  if  one  deliberately  sat  down  and 
figured  the  illumination,  a  result  which  would  cause  one  to  feel 
proud  of  it.  Practically,  however,  the  place  is  badly  lighted. 
There  is  no  effect  of  brilliancy;  one  can  see  fairly  well  all  about, 
but  the  place  is  nevertheless  insufficiently  lighted. 

I  call  to  mind  another  place  in  Berlin  where  the  average  in- 
tensity is  probably  not  very  much  higher, — not  more  than  fifty 
per  cent.,  perhaps,  where  the  units  used  are  of  the  same  kind, 
but  of  very  much  greater  intensity.  The  effect  is  beautiful.  In 
other  words,  one  can  dwell  neither  on  the  minimum  in  the 
street  as  a  canon  of  good  lighting,  nor  on  the  average  as  seen 
along  the  street.  One  must  bear  in  mind  that  a  big  centre  of 
light,  throwing  an  immense  amount  of  light  out  into  the  street 
and  being  reflected  from  the  house,  adds  a  great  deal  to  the  ef- 
ficient illumination  of  a  street  for  the  purpose  for  which  street  il- 
lumination is  desired.  One  can  get  fairly  uniform  lighting,  and 
he  can  take  the  same  amount  of  power  and  get  less  uniform 
lighting  which  will  be  quite  as  effective.     In  other  words,  one 
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must  look  at  the  thing  as  a  practical  matter,  and  not  as  a  mere 
theoretical  matter  of  so  many  hundredths  of  a  foot-candle.  It 
does  not  take  an  expert  in  illumination  to  see  whether  a  street 
is  badly  lighted  or  not,  and  it  does  not,  consequently,  take  an  il- 
luminometer,  with  measurement  in  the  thousandths  of  foot- 
candles  at  the  halt-way  distance  between  the  lamps,  to  show  that 
improvements  are  necessary.  The  thing  is  a  strictly  practical 
matter,  and  should  be  treated  as  such. 

That  brings  up  the  question  of  the  direction  of  measurement, 
— how  shall  we  measure  the  light  on  the  street?  The  custom- 
ary measurement  in  this  country  is  a  tacit  apology  for  bad  light- 
ing. The  customary  method  of  measuring  here  is  a  measure- 
ment practically  halfway  between  the  lamps  with  the  photometer 
disc,  or  other  measuring  instrument  held  normal  to  the  ray.  If 
one  gauges  his  illumination  solely  by  such  readings  as  this,  he 
can  be  guaranteed  of  a  badly  lighted  street  in  every  case,  be- 
cause the  tendency  of  competition,  from  whatever  source  it  comes 
is  to  secure  that  minimum  at  as  low  a  maximum  as  possible, 
modifying  the  illuminants  to  be  as  useless  as  possible,  subject 
to  the  condition  of  getting  the  low  minimum,  and  the  result  is  a 
badly  lighted  street.  I  could  mention  types  of  illuminants  which 
have  been  deliberately  specialized  for  the  purpose  of  giving  two- 
hundredths  or  three-hundredths  of  a  foot-candle,  at  some  point 
down  the  street,  whereas  if  the  same  illuminant  were  designed, 
not  to  give  a  special  form  of  illumination,  but  to  give  the  best 
efficiency  of  which  it  was  capable,  it  would  not  only  be  possible 
to  make  it  light  the  distant  parts  of  the  street,  but  the  whole  of 
the  street ;  in  other  words,  there  are  cases  in  which  the  efficiency 
is  deliberately  sacrificed  for  the  sake  of  what  is  nothing  more 
or  less  than  bad  distribution. 

Every  effort  toward  economy  should  be  an  effort  directed  to 
increase  the  total  flux  of  light,  because  with  our  modern  illumi- 
nants this  is  chiefly  to  be  taken  into  consideration  for  street 
lighting. 

There  is  no  excuse  to-day,  whatever  there  may  have  been 
ten  years  ago,  for  specializing  distributions  by  means  of  the  de- 
sign of  the  illuminant,  because,  at  the  present  time,  it  must  be 
shielded.     One  can  both  distribute  and  diffuse  light  at  the  same 
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time,  and  what  is  more  important,  when  a  street  is  lighted  on  any 
adequate  scale  all  spherical  distribution  obtainable  is  needed. 

The  foreign  piactice  in  the  matter  of  direction  of  measure- 
ment is  to  measure  the  illumination  as  it  falls  on  a  plane  four  feet 
above  the  ground,  measuring  on  the  horizontal,  and  thus  meas- 
uring the  resolved  component.  One-tenth  of  a  foot-candle  so 
measured  very  obviously  means  a  great  deal  more  than  the  tenth 
which  is  obtained  on  the  normal  measurement.  One  is  some- 
times tempted  to  wonder  on  what  basis  this  particular  meas- 
urement on  the  horizontal  was  chosen  and  why  the  thing  has 
not  been  more  fully  discussed.  It  has  not  been  more  fully  dis- 
cussed here  because  people  do  not  like  to  talk  about  that  little 
resolved  component.  It  is  so  much  nicer  to  talk  about  the  larger 
normal.  It  is  not  discussed  abroad  with  any  great  vigor,  sim- 
ply because  in  the  first  place  the  light  is  sufficient  to  give  a  thor- 
oughly adequate  measurement  on  the  horizontal,  and,  second, 
because,  as  a  matter  of  fact, — it  happens  to  be  a  rather  curious 
one,  too, — the  lamps  in  England  and  on  the  Continent  are  cus- 
tomarily placed  at  just  about  the  point  that  makes  it  a  matter  of 
indifference  to  them  which  way  they  are  photometered.  That  is 
to  say,  in  measuring  the  illumination  on  the  horizontal  plane  one 
measures  the  effect  from  two  lamps.  In  measuring  on  the  nor- 
mal the  effect  from  only  one  is  obtained.  Now,  at  the  distance 
and  height  at  which  big  units  are  customarily  placed  abroad, 
whether  gas  or  electric,  only  four  or  five  times  the  height  of  the 
post  being  taken  as  the  distance  between  lamps,  the  double  pro- 
jected illumination  of  adjacent  lamps  becomes  substantially  iden- 
tical with  the  normal  illumination  of  each,  so  that  it  ceases  to  be 
a  vital  question  abroad  whether  one  or  the  other  method  is  used, 
the  two  being  nearly  coincident.  The  thing  which  I  wish  to 
point  out  is,  that  if  the  illumination  on  the  normal  is  the  criterion, 
for  heavens'  sake  give  enough  of  it  to  see  something  by,  and  not 
the  apologetic  two-hundredths  or  three-hundredths  of  a  foot- 
candle  which  has  been  too  often  talked  about. 

This  brings  up  the  question  of  economy  in  street-lighting,  and 
in  particular  I  want  to  devote  a  brief  moment  of  animadversion  to 
the  so-called  moonlight  schedule.  I  think  this  curious  mini- 
mum of  a  couple  of  hundredths  of  a  foot-candle  which  has  been 
followed  too  long  came  largely  from  the  fact  that  that  value 
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was  supposed  to  be  about  the  maximum  intensity  of  moonlight 
in  this  latitude.  One  can  read  by  a  full  moon,  which  gives  one- 
hundredths  to  two-hundredths  of  a  foot-candle.  However,  moon- 
light is  diffused,  diffused  with  a  vengeance,  and  from  my  ob- 
servation I  should  say  that  moonlight,  on  account  of  its  diffusion, 
is  at  least  two  or  three  times  as  good  as  an  equal  fraction  of  a 
foot-candle  delivered  from  an  arc  lamp,  or  Welsbach,  or  large 
incandescent  lamp,  or  what  not,  merely  because  in  the  moon- 
light there  is  complete  diffusion  and  low  intrinsic  brilliancy 
which  allows  the  eye  to  do  its  best  work.  One  does  not  ex- 
perience trouble  in  driving  an  automobile  in  moonlight  if  he  has 
a  good  head-lamp ;  he  might  have  trouble  in  driving  an  automo- 
bile even  with  a  good  head-lamp  in  a  lighted  street,  because  the 
lamps  in  the  street  flash  straight  in  his  face.  The  practical  value 
of  diffusion  is  recognized  at  once  when  it  is  called  to  our  atten- 
tion, and  it  should  be  recognized  in  street  lighting. 

The  moonlight  schedule,  which  is  the  favorite  method  of  econ- 
omizing, is  most  deceptive.  In  the  first  place,  ordinary  moon- 
light in  this  latitude  is  less  than  two-hundredths  of  a  foot-candle. 
In  the  next  place,  the  half  moon  intensity,  instead  of  being  half 
as  good  as  a  full  moon,  is  only  about  one-tenth  as  good.  That 
means  that  there  is  a  large  element  of  specular  reflection  in  moon- 
light, the  same  as  from  a  piece  of  polished  cardboard.  Conse- 
quently the  two-hundredths  of  a  foot-candle  in  three  or  four  days 
sinks  to  an  insignificant  figure;  there  is  only  one  week  in  the 
month  when  the  moonlight  is  of  a  magnitude  to  be  of  any  par- 
ticular account. 

Customarily  the  moonlight  schedule  is  perhaps  two-thirds  of 
the  full  all  night  and  every  night  schedule,  while  if  proper  il- 
lumination is  to  be  obtained,  it  should  be  three-fourths,  or  eight- 
tenths,  or  something  of  that  order. 

A  second  common  effort  at  economy  is  through  the  means  of 
half-night  ligliting.  Half-night  lighting  from  the  standpoint 
of  the  needs  of  the  public  is  a  great  deal  better  than  the  moon- 
night  schedule,  because  so  far  as  the  brilliantly  lighted  streets  of 
the  city  are  concerned,  the  legitimate  activities  of  the  city  cease 
before  morning,  so  that  there  is  some  reason  in  reducing  the 
number  of  lamps  after  mid-night  or  one  o'clock.  If  anybody  has 
to  economize  ligidly,  it  is  far  better  to  disconnect  every  other 
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lamp,  or  something  of  that  kind,  than  it  is  to  run  them  on  a  regu- 
larly reduced  moonlight  schedule. 

It  is  never  desirable  to  go  into  half-night  lighting  or  petty 
economies  of  that  kind  anyhow,  and  my  purpose  here  is  to  point 
out  particularly  that  the  moon  is  a  bad  thing  to  depend  upon. 
If  the  illumination  must  be  decreased  at  certain  times  from 
motives  of  economy,  it  is  better  to  do  so  at  convenient  times  and 
systematically  than  to  depend  on  moonlight  and  weather  condi- 
tions. 

Now  as  to  important  things  of  the  future  in  street  light- 
ing. The  first  of  them  is  a  recognition  of  the  fact  that  streets 
are  lighted  for  people  to  use ;  that  the  streets  should  be  lighted 
with  reference  to  the  use  which  is  going  to  be  made  of  them, 
and  on  the  whole  they  should  be  much  more  brilliantly  lighted 
than  is  customary  in  this  country  to-day.  More  light  is  needed 
not  only  for  the  general  purposes  of  the  city,  but  for  police  pur- 
poses. The  latter  all-night  lighting  is  a  very  important  mat- 
ter. It  is  an  old  saw  among  electric  men  that  an  arc  lamp  is  as 
good  as  a  policeman.  That  may  or  may  not  be  true  in  the  exact 
ratio,  but  it  is  certain  that  a  well  lighted  city,  a  city  lighted  well 
all  over,  is  a  safer  city  at  night  than  the  average  poorly  lighted 
city. 

The  next  question  which  arises  is  by  what  means  shall  light- 
ing be  done?  We  are  now  in  the  transition  period.  As  every 
engineer  connected  with  the  gas  and  electric  light  industry  knows, 
the  one  thing  which  is  perfectly  safe  to  say,  about  which  there 
can  be  very  little  doubt,  is  that  the  old  illuminants,  the  old 
types  of  street  lamps,  both  gas  and  electric,  must  go,  and  go 
very  rapidly.  The  old  time,  glimmering  arc  lamps,  the  faded 
out  and  worn  out  vertical  Welsbach,  both  must  go  to  the  general 
scrap  heap  of  oblivion, — this  they  must  do  before  a  very  long 
while,  and  in  their  place  there  will  be  an  entire  different  order 
of  lamps,  which,  by  increasing  the  efficiency,  will  enable  the 
streets  to  be  lighted  as  they  ought  to  be,  about  as  cheaply  as 
they  are  lighted  now.  We  have  come  to  a  parting  of  the  ways. 
We  must  turn  away  from  our  old  idols  and  bend  ourselves 
toward  the  new  ones ;  we  must  call  on  Efficiency,  the  tutelary 
divinity  of  engmeers  whose  worship  has  been  too  long  neglected. 
Three  or  four  years  will  work  a  change.     The  handwriting  is 
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on  the  wall  plainly  enough  now  for  anyone  who  cares  to  read  it, 
and  we  are  going  to  have,  and  we  must  have,  and  we  ought,  as 
illuminating  engineers,  to  insist  on  having,  the  kind  of  public 
lighting  which  has  never  been  seen  in  this  country  except  in  one 
or  two  isolated  spots.  We  need  more  light,  better  diffused  and 
better  distributed,  and  it  is  up  to  us,  if  we  are  to  make  any  claims 
to  be  pioneers  in  the  way  of  illuminating  engineering,  to  keep 
at  this  subject  technically  and  personally  until  we  get  the  more 
light  which  we  ought  to  have. 


REPORT  OF  COMMITTEE  ON    NOMENCLATURE   AND 

STANDARDS.' 


BY    DR.    A.    C.    HUMPHREYS. 


Your  Committee  on  Nomenclature  and  Standards,  while  not 
ready  to  make  a  final  report,  deems  it  advisable  to  report  the 
progress  already  made  in  the  direction  of  establishing  a  common 
national  and  international  unit  of  candle-power.  The  work  of 
your  committee  has  so  far  been  chiefly  concentrated  on  this  most 
important  feature  of  its  assignment  of  duties. 

The  special  work  referred  to  was  assigned  to  a  sub-committee, 
and  the  report  of  this  sub-committee,  through  its  secretary,  Dr. 
E.  P.  Hyde,  will  best  serve  to  indicate  the  progress  already  made. 

Your  committee  trusts  that  the  work  so  far  accomplished  will 
be  approved  by  the  society. 

Following  is  the  report  of  Dr.  E.  P.  Hyde,  secretary  of  the 
sub-committee  : 

REPORT   OF   SUB-COMMITTEE    ON     NOMENCLATURE    AND    STAND- 
ARDS   OF   THE   ILLUMINATING    ENGINEERING 
SOCIETY 

At  the  first  annual  convention  of  the  Illuminating  Engineer- 
ing Society  held  in  Boston,  July  30-31,  1907,  the  question  of  a 
possible  agreement  upon  a  common  national  and  international 
unit  of  candle-power  was  presented^  for  consideration.  As  a  re- 
sult of  the  interest  in  this  subject  manifested  by  the  members  of 
the  society  in  the  discussion  which  followed  the  reading  of  the 
paper,  the  question  was  further  presented  for  consideration  at  a 
meeting  of  the  American  members  of  the  Committee  on  Nomen- 
clature and  Standards,  which  was  held  in  Boston  July  30,  1907, 
during  the  convention.  At  this  meeting  the  following  resolution 
was  unanimously  adopted  : 

Resolved:  —  "That  a  sub-committee  on  nomenclature  and 
vStandards  be  appointed  by  the  Chairman  to  confer  with  similar 
committees  of  the  American  Institute  of  Electrical    Engineers 

'  A  report  submitted  at  the  Second  Annual  Convention  of  the  niuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 

'^  Primary,  Secondary  and  Working  Standards  of  Light ;  Transactions  Uluniinating 
Kng^neering  Society,  Vol.  2,  No.  7,  pp.  426-439  ;  October  1907. 
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and  the  American  Gas  Institute,  with  a  view  to  the  consideration 
of  the  adoption  of  a  unit  of  light,  and  with  the  request  that  it 
report  to  the  main  committee  at  the  earliest  possible  date." 

In  accordance  with  this  resolution  the  Chairman  appointed  the 
following  as  members  of  the  sub-committee  on  Nomenclature  and 
Standards  :  Dr.  I^ouis  Bell,  Mr.  J.  B.  Klumpp,  Dr.  C.  H.  Sharp, 
and  Dr.  E.  P.  Hyde.  The  sub  committee  held  a  meeting  in 
New  York  on  September  20th,  at  which  Dr.  Bell  and  Dr.  Hyde 
were  elected  chairman  and  secretary,  respectively,  and  plans 
were  made  for  interesting  the  American  Institute  of  Electrical 
Engineers  and  the  American  Gas  Institute  in  the  movement  for 
a  common  national  and  international  unit  of  candle-power.  To 
this  end  the  following  communication  was  drawn  up  and  present- 
ed to  the  American  Gas  Institute  at  its  annual  convention  held 
at  Washington  October  16-18,  1907. 

Walton  Clark,  President. 

Dear  Sir  :  About  one  year  ago,  the  Illuminating  Engineering 
Society  created  a  committee,  representing  the  varied  interests  in 
this  country  and  abroad,  to  consider  the  question  of  establishing 
suitable,  and,  if  possible,  universal  nomenclature  and  standards 
for  the  science  of  illuminating  engineering. 

The  question  of  a  common  national  and  international  unit  of 
candle-power  was  taken  into  consideration  by  the  American 
members  of  this  International  Committee,  and  upon  motion.  Dr. 
A.  C.  Humphreys,  the  chairman  of  this  committee,  appointed  a 
sub-committee  to  confer  with  similar  committees  from  the 
American  Gas  Institute  and  the  American  Institute  of  Electrical 
Engineers. 

As  a  result  of  numerous  recent  investigations  it  has  been  es- 
tablished that  the  value  of  the  candle  unit  defined  as  i/io  of  the 
intensity  of  the  Harcourt  lo-cp.  pentane  lamp  is  different  from 
that  obtained  through  the  Hefner,  by  the  use  of  the  ratio,  one 
Hefner  candle  =0.88  British  Parliamentary  candle.  The  amount 
of  the  difference  is  not  definitely  known,  but  is  probably  about 
4  per  cent.,  the  unit  obtained  through  the  Harcourt  lo-cp.  pen- 
tane lamp  being  smaller.  Whether  this  difference  is  due  to  a 
change  in  the  value  of  either  6f  the  two  units  (the  candle  unit  in 
England  or  the  Hefner  unit  in  Germany),  or  whether  it  is  due  to 
errors  in  the  earlier  comparisons  between  the  two  units  which 
gave  the  ratio  0.88  is  immaterial  for  our  present  purpose.  The 
important  fact  which  we  desire  to  present  for  3^our  consideration 
is  that  although  in  the  photometry  of  both  gas  and  electric  lamps 
in  the  United  States  the  unit  has  nominally  been  the  British 
Parliamentary  candle,  it  has  been  obtained  in  different  ways  in 
the  two  industries. 

In  the  photometry  of  gas  the  English  example  has  been  follow- 
ed, and  the  candle  unit  in  use  in   this  country   is  probably  not 
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very  different  from  that  in  use  in  England.  On  the  other  hand, 
the  unit  used  in  the  photometry  of  electric  lamps,  following  the 
recommendation  of  the  American  Institute  of  Electrical  Engi- 
neers, has  been  obtained  through  the  Hefner  by  the  use  of  the 
ratio,  one  Hefner  candle  :=o.88  British  Parliamentary  candle. 
We  are,  therefore,  confronted  at  present  with  the  existence  of 
two  different  units  of  candle-power  in  the  United  States,  differ- 
ing from  each  other  by  about  4  per  cent.  It  is  evident  that  such 
a  condition  in  not  only  unfortunate  but  extremely  disadvanta- 
geous to  the  better  interests  of  either  industry,  and  any  action 
that  would  tend  to  bring  the  two  units  into  agreement  should  be 
welcomed  by  all  concerned,  provided  such  action  does  not  work 
hardship  upon  any  of  the  interests  involved. 

With  the  establishment  of  State  commissions  for  gas  and 
electricity,  which  will  look  more  and  more  to  the  Federal 
Bureau  of  Standards  for  standards  of  candle-power,  complications 
will  certainly  result  if  the  unit  recognized  in  any  industry  is  not 
in  agreement  with  that  maintained  at  the  Bureau  of  Standards  ; 
and  it  is  obviously  impossible  for  the  Federal  government  to 
maintain  and  legalize  two  different  units  for  use  in  the  photom- 
etry of  gas  and  electric  lamps.  In  a  recent  paper  published  by 
the  National  Bureau  of  Standards  at  Washington,  attention  was 
called  to  the  discrepancy  between  the  candle  unit  obtained 
through  the  Harcourt  10  cp.  pentane  lamp  and  that  obtained 
from  the  Hefner  by  the  use  of  the  ratio  0.88. 

In  this  same  paper  attention  was  also  directed  to  the  question 
of  possible  international  action  looking  toward  the  establishment 
of  a  common  unit  of  candle-power  for  England,  France  and  the 
United  States.  The  units  in  use  in  these  three  countries  are  so 
nearly  alike  that,  with  the  accuracy  at  present  obtainable  in  in- 
dustrial photometry,  no  serious  results  would  follow  a  compro- 
mise by  which  all  three  countries  would  agree  upon  a  common 
unit  of  candle-power.  If  the  value  of  this  common  unit  were 
taken  as  the  average  of  the  values  of  the  units  m  lintained  at  the 
national  laboratories  in  the  three  countries,  it  would  be  very 
close  to  the  mean  between  the  two  units  in  use  in  the  United 
States  in  the  photometry  of  gas  anxi  electric  lamps.  Therefore, 
a  compromise  in  the  interest  of  internation  d  unity  would  require 
no  greater  changes  of  unit  than  a  compromise  in  the  interest  of 
national  unity.  Moreover,  the  change  in  unit  would  in  no  case 
be  greater  than  about  two  per  cent.,  and  the  effect  of  such  a 
change  would  not  be  seriously  felt,  even  in  the  photometry  of 
incandescent  lamps  where  the  highest  accuracy  in  commercial 
testing  is  attainable. 

Since  the  German  unit  of  candle-power  differs  by  10  or 
15  per  cent,  from  the  average  value  of  the  units  in  England, 
France  and  the  United  States,  it  would  not  seem  desirable  to  in- 
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elude  the  German  unit  in  takino^  the  mean  value.  Either  Ger- 
many could  elect  to  adopt  the  international  candle  unit,  or  else 
the  ratio  of  the  Hefner  candle  to  the  international  unit  could  be 
determined. 

In  consideration  of  the  facts  stated  above,  we,  the  undersigned, 
in  behalf  of  the  Sub-Committee  of  the  Committee  on  Nomencla- 
ture and  Standards  of  the  Illuminating  Engineering  Society  re- 
spectfully request,  therefore,  that  the  American  Gas  Institute 
appoint  a  committee  to  confer  with  the  sub-committee  of  the 
Illuminating  Engineering  Society  on  the  question  of  the  possible 
adoption  of  a  common  national  and  international  unit  of  candle- 
power. 

A  similar  request  is  being  made  to  the  American  Institute  of 
Electrical  Engineers,  and  it  is  hoped,  through  the  co-operation 
of  these  two  representative  bodies,  that  some  definite  action  will 
be  taken. 

Yours  respectfully, 

(Signed)  Edw.  P.  Hyde, 

J.  B.  Klumpp. 

This  communication  was  referred  to  the  Technical  Committee 
of  the  Gas  Institute  for  action,  with  the  result  that  subsequently 
the  following  members  were  appointed  to  form  a  sub-committee 
of  the  Institute  to  confer  with  similar  committees  of  the  Ameri- 
can Institute  of  Electrical  Engineers  and  the  Illuminating  Eti- 
gineering  Society  :  Mr.  W.  H.  Gartley,  Mr.  A.  E.  Forstall,  Dr. 
A.  H.  Elliott  and  Mr.  C.  O.  Bond. 

In  a  similar  wa\"  an  invitation  to  the  American  Institute  of 
Electrical  Engineers  to  appoint  a  sub-committee  to  unite  in 
conference  with  sub-committees  of  the  other  two  bodies  to  con- 
sider the  question  of  the  adoption  of  a  common  national  and  in- 
ternational unit  of  candle-power  was  presented  to  the  Standardi- 
zation Committee,  at  its  meeting  in  New  York  Nov.  7,  1907. 
The  invitation  was  received  favorably  by  the  Standardization 
Committee,  and  the  following  sub-committee  was  appointed  :  Dr. 
A.  E.  Kennelly,  Dr.  Samuel  Sheldon,  Dr.  C.  P.  Steinmetz,  and 
Dr.  S.  W.  Stratton. 

The  two  sub-committees  of  the  American  Institute  of  Elec- 
trical Engineers  and  American  Gas  Institute  held  separate 
preliminary  meetings  and  passed  resolutions  expressing  the 
attitudes  of  the  respective  sub-committees  on  the  question  of 
the  adoption  of  a  common  unit  of  luminous  intensity.  In  ad- 
dition to  the  formal  committee  meetings,  several  informal  joint 
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conferences  of  representatives  of  gas  and  electric  lighting  inte- 
rests were  held,  as  the  result  of  which  a  more  thorough  under- 
standing of  the  present  situation  and  of  the  necessity  and  prob- 
able effects  of  an  agreement  upon  a  common  unit  of  candle-power 
was  reached. 

Finally  on  February  14,  1908,  in  the  Engineering  Societies 
Building  in  New  York  the  three  sub-committees  representing  the 
American  Institute  of  Electrical  Engineers,  the  American  Gas 
Institute,  and  the  Illuminating  Engineeiing  Society,  met  in 
joint  conference,  and  organized  themselves  into  a  joint  committee 
with  Dr.  S.  W.  Stratton,  permanent  chairman,  and  Mr.  C.  O. 
Bond,  permanent  secretary.  In  the  absence  of  Dr.  Stratton,  Dr. 
E.  P.  Hyde  was  elected  chairman  pro  tem  of  the  meeting.  After 
a  lively  discussion  the  following  preamble  and  resolutions  were 
unanimously  adopted: 

"The  joint  Committee  composed  of  sub-committees  of  the 
American  Institute  of  Electrical  Engineers,  the  American  Gas 
Institute,  and  the  Illuminating  Engineering  Society,  recognizes 
that  although  the  differences  among  the  units  of  candle-power 
in  use  in  the  United  States  at  the  present  time  are  not  greater 
than  a  few  per  cent.,  nevertheless  in  view  of  the  increasing  ac- 
curacy that  is  being  demanded  in  industrial  photometry,  there  is 
a  growing  need  of  a  common  unit  of  candle-power  which  shall 
be  established  and  maintained  at  the  United  States  Bureau  of 
Standards  at  Washington,  D.  C,  and  in  terms  of  which  sec- 
ondary and  working  standards  for  use  in  the  photometry  of  all 
kinds  of  illuminants  can  be  measured.  The  Committee  further 
realizes  the  importance  and  desirability  of  international  agree- 
ment upon  a  common  international  unit  of  luminous  intensity  to 
be  used  throughout  the  civilized  world.  It  so  happens  that  the 
common  unit  which  would  be  adopted  in  the  United  States  as  a 
compromise  between  the  candle  units  used  in  the  photometry  of 
gas  and  electric  lamps  would  approximate  very  closely  to  the 
mean  value  of  the  candle  units  maintained  at  the  national  labora- 
tories of  the  United  States,  England  and  France.  The  unit  of 
light  maintained  at  the  national  laboratory  in  Germany  (the 
Hefner)  differs  from  the  candle  units  maintained  at  the  national 
laboratories  of  the  other  three  countries  by  so  great  an  amount 
that  no  benefit  would  accrue  either  to  Germany  or  to  the  other 
countries  by  including  the  Hefner  in  taking  the  mean  of  the 
various  units  : 

And  Whereas  the  three  sub-committees  in  joint  conference 
deem  that  the  above  statements  embody  the  concensus  of  opinion 
of  said  committees  :  therefore,  be  it — 
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Resolved',  (i).  That  the  joiut  committee,  composed  of  sub- 
committees of  the  American  Institute  of  Electrical  Engineers, 
the  American  Gas  Institute,  and  the  Illuminating  Engineering 
Society,  approves  the  adoption  of  a  common  national  candle  unit 
which  shall  be  maintained  at  the  United  States  Bureau  of  Stand- 
ards, and  in  terms  of  which  secondary  and  working  standards  for 
use  in  the  various  industries  can  be  standardized,  and  recom- 
mends to  each  of  the  three  societies  here  represented  through  the 
respective  sub-committees  the  adoption  of  such  a  plan. 

Resolved :  (2).  That  this  committee  will  support  the  Bureau 
of  Standards  in  any  action  whicli  it  may  take  to  bring  about 
international  agreement  upon  a  common  candle  unit,  and  will 
recommend  to  each  of  the  three  societies  here  represented  the 
endorsement  of  such  action,  provided  the  unit  agreed  upon  shall 
represent  approximately  the  average  value  of  the  candle  units 
maintained  at  present  at  the  national  laboratories  of  the  United 
States,  England  and  France,  or,  specifically  that  it  shall  be  lower 
than  the  unit  at  present  maintained  at  the  Bureau  of  Standards 
at  Washington,  D.  C,  by  an  amount  not  less  than  one  (i)  per 
cent.,  nor  more  than  three  (3)  per  cent.,  the  exact  value  to  be 
agreed  upon  as  the  result  of  an  international  conference. 

Resolved :  (3).  That  inasmuch  as  the  adoption  at  this  time 
of  a  definite  value  for  the  common  national  candle  unit  for  the 
United  States  would  embarrass  the  Bureau  of  Standards  in  bring- 
ing about  international  action,  this  Committee  refrains  at  this 
time  from  recommending  the  adoption  of  a  definite  value  for  the 
common  national  candle  unit,  but  recommends,  in  the  interest  of 
the  various  industries  involved,  that  during  the  interval  required 
for  the  consummation  of  international  action  a  common  candle 
unit  be  used  which  shall  be  two  (2)  per  cent,  less  than  that  now 
maintained  at  the  Bureau  of  Standards,  since  there  can  be  no 
doubt  but  that  such  a  candle  unit  would  differ  by  less  than  one 
(i)  per  cent,  from  the  proposed  international  candle;  and  further 
resolved  that  the  Secretary  of  this  joint  committee  is  instructed, 
after  the  concurrence  of  the  three  societies  here  represented,  to 
address  a  letter  to  the  Director  of  the  Bureau  of  Standards  en- 
closing a  copy  of  those  resolutions,  and  requesting  that  the 
Bureau  of  Standards,  which  has  taken  the  initiative  in  the  pres- 
ent movement  toward  a  common  national  and  international 
candle  unit,  maintain  as  its  working  candle  from  this  time  on  until 
definite  international  action  shall  have  been  taken,  a  candle  unit 
two  (2)  per  cent,  lower  than  that  which  it  is  maintaining  at  the 
present  time. 

Resolved:  (4).  That  this  Committee  recommends  that  each 
society  here  represented,  acting  through  its  own  proper  channels, 
shall  address  to  such  similar  foreign  societies  as  may  be  inte- 
rested a  statement  of  the  movement  in  the  United  States  toward 
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a  common  international  candle  unit,  (enclosing  a  copy  of  these 
resolutions),  and  shall  request  the  co-operation  of  the  said 
foreign  societies  in  advancing  the  movement." 

In  pursuance  of  these  resolutions  the  sub-committee  of  the 
American  Institute  of  Electrical  Engineers  reported  the  action  of 
the  joint  Committee  to  the  Board  of  Directors  of  the  Institute 
for  approval.  The  action  of  the  sub-committee  was  endorsed, 
and  the  latter  was  authorized  to  notify  the  Secretary  of  the  joint 
Committee  to  that  effect,  in  accordance  with  Resolution  3. 

In  the  Illuminating  Engineering  Society  the  resolutions  of  the 
joint  Committee  were  endorsed  by  the  Committee  on  Nomen- 
clature and  Standards,  and  referred  by  this  committee  to  the 
Council  of  the  Society.  At  a  meeting  of  the  Council,  held  June 
12,  1908,  the  action  of  the  .sub-committee  was  approved.  Since 
authority  in  such  matters,  is  vested  in  the  Council  of  the  Illumi- 
nating Engineering  Society  and  in  the  Board  of  Directors  of  the 
American  Institute  of  Electrical  Engineers,  the  final  action  by 
these  two  bodies  has  already  been  obtained. 

Before  the  resolutions  of  the  joint  Committee  can  be  approved 
finally  by  the  American  Gas  Institute  they  must  be  presented  to 
the  society  for  action,  at  its  annual  convention,  which  is  to  be 
held  in  New  York  in  October.  It  is  encouraging  to  report,  how- 
ever, that  the  resolutions  of  the  joint  committee  have  already 
been  endorsed,  both  by  the  Technical  Committee  and  subse- 
quently, on  March  17th,  by  the  Board  of  Directors  of  the  Insti- 
tute. Should  the  Institute  at  its  convention  act  favorably  on 
the  resolutions  of  the  joint  Committee,  the  Secretary  of  thiscom- 
mittee  will  address  a  letter  to  the  Director  of  the  Bureau  of 
Standards  in  accordance  with  Resolution  3,  requesting  that  the 
Bureau  "maintain  as  its  working  candle  from  this  time  on  until 
definite  international  action  shall  have  been  taken,  a  candle  unit 
two  (2)  per  cent,  lower  than  that  which  it  is  maintaining  at  the 
present  time." 

The  sub-committee  on  Nomenclature  and  Standards  is  author- 
ized to  report  further  that  the  Bureau  of  Standards  has  already 
entered  into  negotiations  with  the  foreign  laboratories  in  regard 
to  the  possible  agreement  upon  an  international  unit  of  luminous 
intensity,  and  that  the  hope  is  expressed  that  final  agreement 
may  be  reached  very  shortly. 
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DISCUSSION. 

Dr.  E.  p.  Hyde: — Of  course  we  all  agree  with  the  argument 
that  it  would  be  a  good  thing  to  have  a  common  national  and  in- 
ternational unit  of  candle  power.  It  would  be  well  if,  when  eve 
are  speaking  of  photometric  measurements  of  gas  and  electric 
lamps,  or  are  speaking  of  photometric  measurements  made 
in  this  country  or  abroad,  we  can  use  always  the  same  language. 
However,  it  is  a  far  reach  from  a  purely  academic  conception  of 
the  desirability  of  such  a  condition  to  the  practical  realization  of 
it.  Much  credit,  I  think,  is  due  to  the  Illuminating  Engineer- 
ing Society  for  taking  the  initiative  in  this  matter,  and  much 
credit  also  is  due  to  the  American  Institute  of  Electrical  Engi- 
neers, and  to  the  American  Gas  Institute  for  the  cordial  recep- 
tion which  they  accorded  the  overtures  of  the  Illuminating  En- 
gineering Society  in  this  matter,  and  for  the  great  consideration 
which  they  have  given  to  the  subject.  Personally  I  feel  pro- 
foundly appreciative  of  the  attitude  which  the  industries  in  this 
country  have  taken  toward  this  movement.  Many  of  them  have 
heartilj^  endorsed  the  movement,  and  are  backing  it  at  no  little 
inconvenience  and  expense  to  themselves.  The  campaign,  how- 
ever, is  not  over  even  in  this  country,  and  I  sincerely  hope  that 
every  member  of  the  Illuminating  Engineering  Society  will  do  his 
utmost  to  see  that  this  movement,  which  is  the  first  in  which  the 
Illuminating  Engineering  Society  has  taken  a  definite  initiative, 
may  be  crowned  with  success. 

Dr.  Louis  i9^//.-— Personally,  I  feel  that  the  outlook  is  bright 
for  an  international  standard  at  a  very  early  date.  I  got  in 
touch  with  some  of  the  representatives  of  the  various  interests 
abroad,  and  found  them  most  sympathetic  in  Germany  and 
in  France.  Everybody  seems  to  feel  that  the  time  is  ripe  for  a 
definite  movement,  and  I  have  very  little  doubt  that  Dr.  Hum- 
phreys will  be  able  to  push  along  and  bring  through  this  real 
reform  ;  it  should  have  been  done  before  this,  but  the  data  were 
not  ready,  and  what  was  everybody's  business  was  nobody's 
business.  There  was  no  one  to  take  the  initiative,  and  I  be- 
lieve that  one  of  the  most  important  things  that  the  Illuminating 
Engineering  Society  has  done  is  to  put  itself  in  a  position  to  take 
the  initiative  in  a  movement  of  this  kind. 


MODERN   GAS  LIGHTING  CONVENIENCES/ 


BY  T.  J.  LITLE,   JR. 


Modern  incandescent  gas  lamps  have  reached  such  a  high 
state  of  perfection  and  efficiency  that  it  is  well  to  direct  atten- 
tion to  the  various  inventions  and  improvements  that  have  been 
made  for  their  ignition  and  control.  These  devices  have  nat- 
urally greatly  popularized  the  gas  system  of  lighting  in  the  last 
few  years,  as  it  is  generally  conceded  that  when  the  proper 
methods  are  employed,  illumination  by  gas  is  beyond  criticism, 
due  to  the  remarkably  perfect  combustion  in  the  modern  burner, 


Fig.  I. — Cabinet  Containing  Jump  Spark  lyighting  Equipment. 

resulting  in  a  greatly  increased  lighting  efficiency,  thus  re- 
quiring fewer  units  than  heretofore ;  moreover  their  more  sat- 
isfactory color  value  must  not  be  overlooked. 

The  modern  ignition  of  gas  burners  may  be  accomplished  in 
various  ways,  but  it  may  be  divided  broadly  into  two  general 
classes ;  namely,  electric  and  pilot  flame. 

The  electric  spark  ignition  may  again  be  divided  into  two 
classes,  the  jump  spark  (high-tension)  ignition,  and  the  inter- 
rupted-circuit low-tension  (make-and-break)  ignition.  They  may 
be  further  divided  into  other  classes,  differing  somewhat  in 
mechanical  detail,  but  the  following  remarks  will  be  confined 
to  those  above  stated. 

•  A  paper  presented  at  the  Second  Annual  Convention  of  the  Uluminating  Engineer- 
ing Society,  Philadelphia,  October  56,  1908. 
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JUMP    SPARK    ELECTRIC    IGNITERS. 

The  jump-Spark  igniting  system  is  used  where  a  large  num- 
ber of  burners  are  to  be  ignited  simultaneously,  such  as  in  store 
windows,  store  interiors,  churches,  public  halls,  factories,  etc. 
In  this  case  use  is  made  of  an  induction  coil  of  such  a  size  as  to 


Fig.  2. — lyobby  of  American  Academy  of  Music,  Philadelphia.    lyighted  with  Inverted 

Gas  Lamps. 

produce  a  spark  of  sufficiently  high  potential  to  jump  the  dis- 
tance equal  to  the  sum  of  the  air  gaps  in  the  circuit.  On 
account  of  its  high  potential,  great  care  must  be  exercised  to 
prevent  leakage  in  the  secondary  circuit.  To  obtain  good  re- 
sults not  less  than  six  standard  dry  cells  should  be  used  in  the 
primary  circuit.  The  push  buttons  may  be  located  at  any  con- 
venient points.  For  greater  convenience,  however,  the  whole  elec- 
tric outfit  may  be  placed  in  a  cabinet  that  is  completely  wired, 
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and  all  that  is  necessary  on  installation  is  to  run  the  secondary 
leads  from  the  cabinet  to  the  burners.  Such  a  cabinet  is  illus- 
trated in  Fig.  I,  while  Fig.  2  shows  a  very  successful  appli- 
cation of  this  form  of  ignition  in  the  lobby  of  the  Academy  of 
Music,  in  Philadelphia.  The  hundreds  of  inverted  lamps  which 
are  used  there  are  centrally  controlled  by  grouping  the  gas  pipe 
circuits,  as  well  as  the  secondary  circuit  of  the  jump-spark 
ignition  system. 

In  addition  it  may  be  mentioned  that  with  this  system  any 
number  of  lamps  may  be  ignited  by  a  division  of  the  secondary 
circuit ;  that  is,  if  the  rating  of  the  coil  is  20  burners,  all  that  is 
necessary  is  to  divide  the  lamps  into  groups  of  20.  The  wire 
used  in  the  secondary  circuit  may  be  very  fine ;  phosphor  bronze 
of  No.  30  gauge,  on  account  of  its  great  tensile  strength,  has  been 
very  successfully  used.  This  wire  may  be  suspended  from  burner 
to  burner,  being  practically  invisible.  In  this  case  use  is  made 
of  the  secondary  distribution  switch  shown  in  the  upper  right 
hand  portion  of  the  cabinet.  The  gas  is  usually  controlled 
mechanically,  either  by  providing  a  gas  cock  adjacent  to  the  spark 
cabinet,  or  if  the  cabinet  happens  to  be  at  an  inaccessible  point, 
the  cock  may  be  operated  from  a  distance  by  a  mechanical  pull 
device.  The  latter  system  has  been  used  quite  extensively  where 
the  existing  gas  piping  was  not  conveniently  arranged  for  the 
placing  of  the  shut-off  cock. 

AUTOMATIC    ELECTRIC    IGNITER. 

The  automatic  electric  igniter  for  an  upright  burner  is  shown 
in  Fig.  3.  With  this  attachment  it  is  possible  to  place  push 
buttons  at  any  distance  from  the  burner  for  igniting  and  ex- 
tinguishing. The  small  magnets  in  the  cylindrical  shell  open 
and  close  the  gas  cock,  and  the  vibrating  make-and-break  produces 
the  igniting  spark.  The  ignition  of  the  burner  in  this  case  is 
accomplished  indirectly  by  the  climbing  flash-pilot,  which  remains 
flashing  only  so  long  as  the  ignition  button  is  pressed. 

PENDANT   ELECTRIC    IGNITERS. 

The  pendant,  or  pull  type  of  igniter,  is  operated  at  the  burner ;. 
it  consists  of  simply  a  gas  cock  to  which  is  attached  a  pulling  lever 
and  an  arm  carrying  a  vjiping  sparker,  which  ignites  a  flash- 
ing pilot.     In  this  case  pulling  down  on  the  lever  turns  on  and 
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ignites  the  gas,  while  pushing  up  the  lever  closes  the  cock.     See 
Fig.  4. 

The  above  two  igniters  are  designed  principally  for  residence 
use. 

PII,OT   IGNITION. 

The  pilot  system  of  igniting  gas  burners  on,  account  of  its 
simplicity,  is  probably  the  most  widely  used  of  all.  See  Pig.  5. 
In  this  case  a  very  small  jet  of  gas  is  maintained  at  the  end  of  a 
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Figs.  3,  4  and  5.— Types  of  Gas  I^amp  Igniters. 


small  pilot  tube  adjacent  to  the  mantle.  The  gas  cock  is  operated 
by  means  of  chains.  This  system  is  generally  adapted  for  resi- 
dence lighting.  The  pilot  flame  is  so  situated  as  to  be  well  pro- 
tected from  ordinary  drafts,  and  the  consumption  of  gas  is  so 
slight  (V12  cu.  ft.  per  hour)  as  to  be  practically  negligible.     This 
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Fig.  6.— Section  of  Gas 
"Arc"  La-mps. 
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Fig.  7.— Independent  Pilot  S\stem  of  Ignition. 
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Fig.  8. — Gas  Lamp  Cluster. 
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system  has  been  utilized  very  successfully  on  gas  "arc"  lamps,  a 
sectional  view  of  one  of  which  is  shown  in  Fig.  6. 

MUI.TIPI,E   PII.OT    IGNITION. 

Under  this  heading  may  be  mentioned  the  application  of  pilot 
ignition  for  a  large  number  of  burners,  as  shown  in  Fig.  7.     In 


Figs.  9  and  lo.— Gas  I,amp  Ignition  Schemes. 

this  system  the  pilots  for  igniting  the  burners  are  supplied  with 
gas  from  an  independent  feed  line,  and  in  igniting  it  is  necessary 
merely  to  turn  the  gas  on  to  the  main  supply  pipe  feeding  the 
burners;  when  the  gas  reaches  the  mantles  it  is  ignited  by  the 
pilots. 

AUTOMATIC  CLOCK  CUT  OFF. 

In  conjunction  with  both  of  the  above  systems,  the  automatic 
clock  cut  off  is  adapted  to  show-window  and  other  forms  of 
lighting  where  it  is  desired  to  extinguish  the  light  automatically 
at  any  predetermined  time.  In  this  case  the  main  shut-off  cock 
supplying  gas  to  the  burners  is  provided  with  a  weighted  lever 
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which  is  held  in  its  open  position  by  means  of  a  chain  attached 
to  a  catch  in  the  rear  of  the  clock,  and  when  the  clock  train  starts 
in  motion  this  chain  is  removed  from  its  supporting  hook  and  the 
gas  cock  closes.  This  operation  may  be  reversed,  so  that  the 
lamps  may  be  ignited  at  any  predetermined  time. 

PII.0T    IGNITION    FOR   CLUSTERS. 

The  latest  application  of  the  multiple  pilot  system  of  ignition 
is  shown  in   Figf.  8.     In  this  case  several  inverted  burners  are 


Fig.  II. — Miniature  Gas  Lamp. 

supplied  with  gas  for  pilots  from  a  point  immediately  above  the 
shut-off  cock,  which  is  concealed  within  the  shell  of  the  fixture, 
as  shown  in  Fig.  9.  The  gas  is  ignited  by  pulling  the  white 
ring,  which  depends  from  the  fixture.  This  arrangement  is 
decidedly  convenient  for  the   shop-keeper. 

PNEUMATIC  PILOT  IGNITION   OF   CLUSTERS. 

In  this  case  the  lamps  are  ignited  in  very  much  the  same 
manner  as  in  the  case  above  mentioned,  but  the  gas  is  controlled 
by  a  pneumatic  cock,  as  shown  in  Fig.  10.     A  small  copper  tube 
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runs  from  the  chandelier  to  the  operating  push  button,  which  is 
in  reaHty  a  small  plunger  pump.  On  pushing  the  plunger  in- 
wardly, air  compressed  along  the  entire  line  advances  the  piston 
valve,  thus  opening  it;  in  order  to  extinguish,  the  plunger  is 
pulled  outwardly,  thereby  creating  a  partial  vacuum  and  the  pis- 


Fig^.  12. — Railroad  Lighting  by  Gas  "  Arc  "  lyamps. 


ton  valve  is  moved  into  the  closed  position.  In  addition  to  being 
able  to  ignite  and  extinguish  the  gas  from  a  distance,  it  is  also 
possible  to  do  so  at  the  fixture,  as  the  plunger  is  equipped  with 
an  extension  terminated  by  a  push  button  which  projects  through 
the  shell,  and  this  may  be  operated  by  hand.  The  pneumatic 
lighter  is  also  applied  very  successfully  to  single  burners, — both 
upright  and  inverted. 
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miniature:    gas    UNIT. 

Under  the  heading  of  convenience  may  be  mentioned  the  man- 
tle arranged  within  a  small  mica  chimney.  It  is  provided  in 
this  form  as  a  unit,  which  enables   the   consumer   at  one   appli- 


Fig.  13. — Gas  "Arc"  I,amp  with  Globe. 

cation  to  renew  the  mantle  and  obtain  a  new  mica  chimney.  This 
result  is  rendered  possible  on  account  of  the  small  size  and  con- 
sequent cheapness,  just  as  is  the  case  with  the  carbon  filament 
lamp.  These  units  consume  less  than  2  cu.  ft.  of  gas  per  hour, — 
to  be  exact,  1.69  cu.  ft.,  under  two  inches  of  gas  pressure.     The 
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widespread  application  of  this  small  unit  can  be  readily  ap- 
preciated when  it  is  shown  that  the  output  is  actually  51  candle- 
power  with  the  above  named  consumption.  It  is  admirably 
adapted  to  residence  lighting,  where  small  units  are  desirable. 

It  may  be  used  in  place  of  the  lava-tip  burner  without  affect- 
ing the  symmetry  of  the  fixture.  Standard  electric  glassware 
may  also  be  used  with  it,  as  shown  in  1m g.  1 1  ;  on  this  account 


Fig.  14. — Application  of  Inverted  Gas  Lamp  to  Domestic  Use. 

is  well  adapted  for  combination  gas  and  electric  fixtures.     The 
chain  pull  by-pass,  with  side  pilot,  may  be  applied  to  this  unit. 

MISCELLANEOUS. 

So  far  the  remarks  have  been  confined  to  the  various 
igniting  schemes  for  incandescent  gas  burners ;  a  great 
many     ingenious      devices      have     also     been      employed      in 
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connection  with  gas  "arc"  lamps,  as  for  example  that  shown 
in  Fig.  12,  for  outdoor  use,  such  as  in  railroad  stations  and 
yards.  In  this  case  the  "arc"  lamp  is  attached  to  a  mast- 
arm  device,  the  operation  of  trimming  the  lamps  being  as  shown 
in  the  cut.  Another  convenient  application  employed  with  the 
outdoor  lamp  is  illustrated  in  Fig.  13,  where  the  globe  has  been 
lowered  onto  the  hook  below  the  lamp  and  the  operation  of  re- 
placing a  mantle  is  shown.  The  remaining  mantles  are  protected 
from  the  wind  by  the  cylindrical  shell  which  automatically  fol- 
lows the  globe  on  its  removal. 

Flexible  metallic  gas  tubing  has  been  \ery  generally  adapted 
for  use  in  connection  with  inverted  burners.  This  tubing  is 
made  by  spirally  winding  a  corrugated  metallic  ribbon,  with  as- 
bestos cord  intervening,  to  make  the  joint  gas-tight  the  corruga- 
tions serving  not  only  to  retain  tjie  asbestos  cord  but  at  the  same 
time  locking  together  the  convolutions.  In  machine  shop  prac- 
tice these  tubes  are  suspended  either  from  an  overhead  stationary 
gas  pipe  or  from  an  inverted  swing  gas  bracket.  The  latter 
makes  it  possible  to  shift  the  lamp  over  a  considerable  area.  This 
device  as  adapted  to  domestic  use  is  shown  in  Fig.  14. 


DISCUSSION. 


Dr.  Clayton  H.  Sharp : — Have  there  been  any  modern  develop- 
ments or  improvements  in  electric  igniters  which  will  prevent  their 
getting  out  of  order  ?  As  I  take  it,  the  chief  reason  for  the  fail- 
ure of  electric  gas  igniting  systems  is  the  lack  of  insulation 
somewhere  in  the  electrical  system,  so  that  it  seems  to  me  that 
the  problem  resolves  itself  largely  into  a  question  of  proper 
insulation  against  the  high  electrical  tensions  which  are  involved, 
either  in  the  jump-spark  ignition,  or  in  the  make-and-break 
system.  I  have  seen  electrical  gas  igniting  systems  installed  in 
which  a  single  or  double  cotton  covering  on  the  wire  was  relied 
upon  for  insulating  purposes.  An  insulation  of  this  kind  would 
not  be  expected  to  give  satisfactory  results  in  any  electrical  light- 
ing system  where  only  moderate  tensions  of  100  or  200  volts 
are  involved.  We  all  know  that  to  produce  the  spark  necessary 
for  electrical  gas  ignition,  considerably  higher  tensions  must 
be   produced,   consequently   use  must  be  made  of   a   degree  of 
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insulation  which  corresponds  thereto,  and  the  older  gas  igniting 
system  certainly  did  not  have  this. 

I  should  also  like  to  ask  regarding  the  pilot  ignition  system, 
whether  there  is  any  possibility  of  danger  due  to  the  extinguish- 
ment of  the  pilot  flame  by  draughts  of  air  or  in  other  ways,  per- 
haps by  clogging  of  the  pipe,  in  a  closed  room  where  the  gas  is 
allowed  to  stream  forth  freely  without  being  burned.  Is  there 
not  danger  where  water  gas  is  used  rather  than  old  fashioned 
coal  gas? 

Mr.  F.  N.  Morton: — Mr.  Litle  spoke  of  the  lack  of  develop- 
ment of  the  self  igniting  mantle.  Can  he  tell  us  in  what  stage 
of  development  that  is,  whether  experiments  on  it  have  been 
abandoned  it,  or  whether  there  are  yet  hopes  of  perfecting  the 
device?  There  is  another  type  of  igniter  which  is  not  mentioned 
here,  and  that  is  the  Welsbach  alloy  igniter.  I  should  like  to 
know  if  he  has  any  expectation  of  developing  that  igniter. 

Mr.  V.  R.  Lansingh : — Are  the  fixtures  made  today  so  that 
the  pilot  flames  on  three  burners,  on  a  four-lamp  fixture,  can  be 
cut  off  and  only  one  flame  burned  if  necessary?  It 
often  happens  that  on  a  four-lamp  chandelier  the  peo- 
ple want  to  use  only  one  lamp,  and  do  not  want  to  have  the 
other  three  pilots  burning.  While  the  consumption  is  small  per 
hour,  in  the  course  of  a  year  it  amounts  to  a  good  deal.  In  the 
fixtures  which  I  have  seen  it  is  impossible  to  do  anything  but 
burn  all  four  pilot  flames. 

Mr.  H.  Calvert : — To  what  extent  can  the  pneumatic  pilot 
system  of  ignition  shown  in  Fig.  10,  be  carried  in  practice?  That 
is  to  say,  how  many  burners  can  be  operated  at  one  time,  and 
how  long  can  it  be  used?  How  great  can  the  distance  be  from 
the  fixture  to  the  operating  button? 

Mr.  Walton  Porstall : — I  wish  to  offer  testimony  regarding  the 
reliability  of  the  pilot  flame.  Last  spring  an  inverted  gas  lamp 
was  installed  in  a  room  where  later  on  in  summer  weather  the 
windows  were  open  constantly.  From  the  time  of  installation 
of  the  lamp  until  about  two  weeks  ago,  this  period  including  an 
absence  from  the  house  of  the  entire  family,  the  pilot  flame  was 
never  out,  and  it  would  have  been  burning  until  this  moment 
if  the  gas  had  not  happened  to  be  shut  off  fiom  the  house,  due 
to  some  necessary   work  on  other  burners.     This   shutting  off 
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of  the  gas  enables  me  to  give  testimony  on  another  point  in  con- 
nection with  the  pilot  flame,  and  that  is  that  its  consumption  of 
gas  is  too  slight  to  make  an  objectionable  leak,  for  in  the  case 
above  I  did  not  know  that  the  flame  had  gone  out  and  had  not 
been  reignited  until  about  two  days  afterwards,  when  the  only 
evidence  was  a  slight  leak  that  at  times  could  be  smelled  and  at 
times  could  not. 

Mr.  Fritz  Beck : — I  may  be  able  to  give  a  little  information 
in  regard  to  the  question  asked  by  Mr.  Calvert.  The  distance 
on  which  the  pneumatic  gas  lighter  can  be  operated  successfully, 
with  the  kind  of  the  tube  now  generally  used,  is  about  twenty 
yards  for  one  lamp.  The  number  of  lamps  to  be  supplied  by 
one  tube  is  about  six,  the  distance  diminishing  with  the  number 
of  lamps  included  in  one  circuit.  The  tube  which  supplies  gas 
to  the  igniter  is  very  thin,  about  one-sixteenth  of  an  inch,  and 
has  the  advantage  over  electric  wiring  that  it  does  not  need 
any  insulation.  There  is  no  danger  of  fire,  or  getting  out  of 
order  through  lack  of  insulation,  as  is  the  case  with  the  electric 
gas  igniter. 

It  has  another  advantage  which  will  probably  induce  many 
people  to  use  pneumatic  control  instead  of  electric  ignition,  and 
that  is  the  simplicity  of  its  parts.  It  really  consists  of  only  a 
valve,  a  tube  and  a  pump,  all  of  which  are  generally  familiar 
to  every  man,  while  electrical  appliances  always  require  the  ser- 
vices of  more  or  less  of  an  expert  for  their  installation  and 
maintenance.  In  the  latest  design  of  the  pneumatic  valve  the 
most  important  part,  which  is  the  piston  in  the  valve,  is  really 
made  visible,  so  that  at  a  glance  any  user  of  this  system  can 
see  whether  the  valve  works  successfully  or  not,  and  can  operate 
it  at  the  burner  or  pneumatically  from  a  distance.  Another 
advantage  of  the  pneumatic  ignition,  which  the  electrical  ignition 
does  not  possess,  is  that  the  number  of  lamps  to  be  turned  on 
or  off  is  under  the  control  of  the  operator.  On  a  chandelier 
of  six  lamps  it  is  possible  to  turn  on  one  lamp  after  the  other 
or  all  at  once  from  one  push  button  or  ball  pump  simply  by 
pulling  the  push  button,  or  pressing  the  ball  more  or  less.  It 
is  these  little  things  which  win  the  favor  of  the  public  more 
than  anything  else.  Although  for  ignition  of  a  great  number 
of  lamps  simultaneously,  electrical  ignition  is  probably  the  best, 
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in  general  residence  lighting  it  cannot  compete  successfully  with 
the  pneumatic  system. 

Mr.  C.  W.  Hare : — We  have  heard  a  very  short  discussion 
of  what  ought  to  be  a  really  successful  piece  of  apparatus,  and 
I  should  like  to  learn  of  the  experience  of  some  one  who  has 
observed  the  system  working  practically  somewhere.  Is  there 
anyone  here  who  has  tried  this  system  and  found  its  defects? 
If  there  are  defects,  let  us  know  them.  If  there  are  no  defects, 
we  should  learn  that  fact. 

Mr.  N.  W.  Gifford: — I  can  say  for  Mr.  Hare's  information 
that  I  know  of  a  case  where  a  number  of  installations  of  the 
independent  pilot  ignition  system  have  been  in  use  for  a  consid- 
erable number  of  months  without  any  complaint.  Use  is  made 
of  the  independent  pilot  flame,  the  burner  being  installed  in  the 
usual  way,  and  a  line  is  run  from  an  independent  line  to  the 
pilot  tube,  the  pilot  flame  of  course,  burning  continuously.  The 
burners  are  turned  on  and  off  as  they  are  wanted. 

President  Bell: — The  Chair  can  partly  answer  from  his  per- 
sonal experience  one  question  which  has  been  raised,  by  saying 
that  the  average  electric  gas  ignition  system  is  installed  without 
any  due  regard  to  insulation,  the  common  arrangement  being 
a  signal  bell  system,  usually  with  single  cotton  insulation.  It 
is  not  in  the  least  remarkable  that  such  a  system  should  be  a  fail- 
ure. In  the  absence  of  any  further  discussion  I  ask  Mr.  Litle 
to  close  the  discussion,  and  particularly  to  give  us  what  infor- 
mation he  can  about  the  practical  working  features  of  that  beau- 
tiful alloy  of  cerium  and  iron  which  Dr.  Auer  Von  Welsbach, 
who  is  the  one  to  whom  both  the  gas  and  electric  industries 
owe  a  great  debt,  has  developed  very  recently. 

Mr.  Litle: — Probably  the  most  pertinent  question  was  that 
regarding  the  unreliability  of  electric  gas  igniters.  I  think, 
however,  his  question  has  been  pretty  well  answered  by  some  of 
the  other  speakers.  It  must  be  remembered  that  wiring  for 
electric  gas  ignition  is  not  in  the  same  class  as  that  for  electric 
lighting,  for  the  simple  reason  that  there  is  no  fire  hazard,  and 
it  is  only  the  high-potential  jump  spark  systems  that  require 
careful  insulation.  With  the  low-tension  system  all  that  is 
necessary  is  to  use  a  triple  or  a  quadruple  insulated  conductor 
that  is  well  water  proofed.     Of  course  care  should  be  used  that 
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the  insulation  is  not  cut  by  tacks  or  by  coming  in  contact  with 
sharp  metallic  edges.  The  trouble  that  has  jM-eviously  existed 
with  electric  igniting  systems  I  think  can  be  attributed  mainly  to 
two  causes : 

First,  conductors  poorly  insulated  and  carelessly  installed,  and, 

Second,  defective  and  poorly  constructed  burners. 

The  most  common  burner  defect  was  in  the  wiping  contact 
device,  which  would  stick  in  making  contact  and  thus  short  cir- 
cuit the  batteries,  which  of  course  would  render  the  system 
inoperative.  There  has  also  been  a  great  ini])rovement  in  the 
manufacture  of  primary  batteries,  particularly  those  of  the  "dry" 
type. 

Dr.  Sharp  has  asked  what  danger  exists  in  connection  with 
the  pilot  llame  gas  igniters, — whether  the  blowing  out  of  the 
flame  would  be  a  source  of  danger.  In  the  first  place  these 
pilots  are  so  located  in  the  burners  that  they  seldom  blow  out, 
unless  placed  in  a  strong  draft — such  as  directly  in  line  with 
an  open  window.  Personally  I  have  had  very  little  trouble  of 
this  kind.  Jlowever,  if  the  insignificant  amount  of  gas  that  is 
burned  b\'  the  pilot,  namely,  from  i/io  to  t/i2  cu.  ft.  per  hour, 
and  also  the  natural  ventilation  of  a  room  which  is  many  hundred 
times  as  great,  be  considered  it  can  be  readily  seen  that  there  is 
no  danger,  and  as  one  gentleman  has  just  testified,  it  is  very 
seldom  that  such  a  small  flow  of  gas  is  at  all  noticeable,  due  as 
slated  alK)ve  to  the  natural  ventilation,  from  around  windows 
and  doors  and  through  the  walls.  Under  these  circumstances 
a  gas  exi)losion  due  to  leakage  from  pilots  is  hardly  possible. 

In  answer  to  Mr.  Morton's  question  regarding  the  self-igniting 
mantle,  it  may  be  said  that  such  a  mantle  has  not  been  de- 
veloped sufficiently  to  warrant  its  being  called  commercial.  A 
great  many  of  these  mantles  have  been  sold  in  this  country,  as 
well  as  in  Euroj^e,  but  none  is  reliable,  due  no  doubt  to  the  action 
of  the  heat  and  products  of  combustion  on  the  ignition  material. 
Some  of  them  will  work  perhaps  for  a  cou]:>le  of  weeks,  while 
others  from  the  same  lot  will  not  operate  at  all.  1  am  not  able 
to  state  the  exact  cause. 

In  regard  to  the  pyrophoric  igniter,  invented  by  Dr.  Carl  Auer 
von  Welsbach,  it  is  noteworthy  that  this  is  as  yet  in  the  experimen- 
tal  stage.     It   is   an   interesting  alloy   of   iron  and   cerium,   the 
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product  of  the  electrical  furnace,  and  is  put  up  in  the  form  of 
a  little  briquette  that  will  emit  a  brilliant  stream  of  sparks  on 
being  scratched  with  a  sharp,  hard  surface.  A  shower  of  sparks 
will  be  given  off  by  scratching  it  with  the  point  of  a  knife.  I 
believe  it  eventual!}  will  develop  into  a  successful  form  of  gas 
igniter. 

yir.  Lansingh  has  asked  about  the  ability  of  a  consumer  to 
turn  off  pilots  in  case  he  needs  not  more  than  one  on  a  fixture.  I 
suppose  he  refers  to  the  inverted  chandelier,  equipped  with  pilot 
by-pass.  Each  pilot  is  regulated  independently  by  an  adjusting 
screw  and  the  gas  may  be  shut  off  by  turning  the  screw  all  the 
way  in ;  by  the  aid  of  the  cock  in  the  fixture  arm  the  gas  mav 
be  turned  off  froni  the  burner.  This  adjustment  of  course  will 
not  interfere  with  the  working  of  the  other  burners  and  pilots. 

I  think  ^Ir.  Beck  has  fully  answered  ^Ir.  Calvert's  question 
regarding  pneumatic  lighting  system,  but  I  should  like  to  add 
that  this  system  has  been  greatly  improved  recently,  by  the  sub- 
stitution of  a  cork  piston  in  the  plunger  push  button,  in  place  of 
the  older  type  of  leather  washer  piston. 

President  Bell: — I  should  fail  in  my  duty  were  I  not  to  com- 
pliment ^Ir.  Litle  on  the  extremely  brief,  frank  and  simple 
manner  in  which  he  has  set  out  the  possibilities  of  practical  gas 
ignition. 


THE  ILLUMINATING  VALUE  OF  PETROLEUM  OILS' 


BY  DR.   ARTHUR  H.   EI.LIOTT 


During  the  past  few  years,  incidental  to  the  author's  work  in 
photometr}^  he  has  had  occasion  to  make  a  number  of  tests  per- 
taining to  the  illuminating  value  of  petroleum  oils  burned  in 
various  lamps. 

The  aim  in  this  work  was  to  secure  some  lamp  or  flame  that 
would  serve  as  a  secondary  standard  fo"  photometric  work,  and 
it  appears  that  the  data  that  were  obtained  during  these 
experiments  will  be  useful  to  others  as  well  as  the  author.  It 
seemed  wise,  therefore,  to  place  on  record  in  some  detail  the 
various  experiments  which  were  made  with  a  number  of  lamps 
and  also  with  various  petroleum  oils  of  high  and  low  density. 

In  regard  to  the  lamps  used,  the  small  lamps  are  found  in 
commerce  with  glass  reservoirs  and  0.5-in.  and  i.o-in.  cotton 
wicks.  Use  was  made  also  of  lamps  with  two  wicks,  where  in 
one  case  both  wicks  go  through  the  same  burner  slot,  and  in  the 
other  case,  each  wick  has  a  separate  slot  in  the  top  of  the  burner. 
Two  lamps  with  round  wicks  were  also  used. 

The  oils  used  have  been  the  best  grade  kerosene  oils  of  48°  to 
50°  Beaume,  and  150°  flash  ;  heavy  burning  oil,  40°  Beaume, 
300°  flash;  gas  oil  distilled  to  eliminate  residuum,  of  35°  Beaume  ; 
and  a  mixture  of  kerosene  oil  with  heavy  300°  flash  oil,  the 
mixture  having  a  density  of  45°   Beaume. 

In  starting  these  investigations,  the  work  done  by  others  was 
naturally  looked  over  and  very  little  of  this  kind  of  work  was 
found  on  record.  The  author  may  be  unfortunate  in  his  search, 
but  that  is  the  result  of  his  investigation.  He  did  find  some 
work  done  by  Stevenson  Macadam,  F.R.S.E.,  who  about  the 
year  1870  conducted  vSome  experiments  on  the  illuminating  value 
of  mineral  oils  and  compared  them  with  sperm  oil,  rape  oil 
(colza)  and  whale  oil.  It  is  unnecessary  to  go  into  detail  with 
regard  to  these  various   oils,    but  Table  A  gives  a  resume   of 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 
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his  results  and  a  comparison  of  the  mineral  oils,   with  others 
mentioned. 

In  the  investigations  tabulated  in  Tables  B,  C,  etc.,  which 
accompany  this  paper,  two  methods  of  procedure  have  been  used. 

Bach  lamp  was  tested  against  a  pair  of  standard  sperm  candles, 
burning  within  the  regulation  limits  of  1 20  grains  of  sperm  for 
each  candle  per  hour.  The  relative  variation  in  the  illuminating 
power  was  then  calculated,  designating  the  maximum  illuminat- 
ing power  as  100,  and  the  others  as  percentages.  By  this  means  it 
is  seen  at  a  glance  just  how  the  lamps  vary  in  candle-power  and 
to  what  extent. 

Each  of  the  readings  across  the  table  indicates  hourly  observa- 
tions, and  it  will  be  seen  that  in  many  cases  these  observations 
run  over  a  large  number  of  hours.  Moreover,  the  quantity  of 
oil,  in  grains,  burning  one  hour,  to  give  one  candle-power,  was 
calculated,  in  order  to  compare  it  with  the  standard  sperm 
candle — the  light  obtained  from  sperm  burned  at  the  rate  of 
120  grains  per  hour.  This  gives  a  direct  comparison  between 
sperm  and  the  same  weight  of  any  oil  used.  Some  of  these  figures 
are  extremely  interesting,  as  indicating  the  high  value  of  petro- 
leum oils  of  good  quality,  as  compared  with  sperm  oil. 

It  is  rather  remarkable  in  looking  over  these  tables  to  note  the 
steadiness  and  reliability  of  the  flat-flame  lamps,  even  when 
burned  with  common  reservoirs  where  the  level  of  the  oil  varies 
as  the  lamp  burns  ;  it  will  be  noted  that  the  rate  of  consumption 
and  the  candle-power  are  extremely  constant.  Many  of  the 
lamps  used  gave  nearly  twice  the  candle-power  of  sperm  candles 
for  the  same  weight  of  oil,  while  the  round-wick  lamps  gave 
fully  three  times  as  much. 

In  the  early  experiments  the  lamps  were  adjusted  by  the  eye  ; 
that  is  to  say,  the  height  of  the  flame  was  determined  and  not 
changed  during  the  experiment,  attention  being  paid  only  to  ob- 
taining the  best  light.  In  later  experiments,  a  wire  gauge  above 
the  flame  served  to  determine  its  height  in  the  case  of  flat-flame 
burners ;  this  arrangement  was  found  impracticable  with  the 
round  burners.  Under  these  circumstances,  it  was  found  that  a 
flat-flame  burner  would  operate  several  hours  with  a  loss  of  less 
than  five  per  cent,  in  its  candle-power,  and  in  many  cases  only 
two  or  three  per  cent.       The  form  and  height  of  the  fiame,  of 
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course,  determine  its  candle-power,  but  this  condition  was  not 
considered  of  so  much  importance  as  obtaining  a  steady  flame 
burning  at  a  uniform  rate  and  giving  a  constant  candle-power. 
The  trimming  of  the  wick  determines  the  shape  and  height  of  the 
flame  and  also  its  freedom  from  smoke.  Many  of  the  lamps  of 
flat-flame  without  any  adjustment  of  level  in  the  reservoir,  were 
used  for  as  long  as  seven  hours  with  a  change  of  less  than  five 
per  cent,  in  the  candle-power. 

As  will  be  seen  from  the  tables,  the  heavy  oils  cannot  be  burned 
in  small,  single- wick,  flat-flame  lamps,  since  the  burning  tem- 
perature of  the  cotton  wick  is  lower  than  the  burning  tem- 
perature of  the  oil.  Furthermore,  the  density  of  the  oil  prevents 
its  rising  sufficiently  rapidly  in  such  wicks.  The  experiments 
were  therefore  conducted  with  double  wicks.  These  remarks  are 
true  of  both  the  300°  flash  oil  and  also  the  distilled  gas  oil. 

In  later  experiments,  a  reservoir  with  a  student  lamp  feed  was 
used  for  the  flat-flame  burners  ;  in  this  case  the  light  was  con- 
stant over  six  or  seven  hours  with  a  variation  of  less  than  one 
per  cent,  in  the  candle-power,  tested  by  both  standard  sperm  can- 
dles and  also  secondary  standards  and  electric  units.  Even  an 
oil  as  low  in  density  as  44°  Beaume  in  seven  hours  lost  only  5.5 
per  cent,  of  its  photometric  value.  It  was  even  found  possible 
to  place  two  lamps  of  the  same  photometric  value  opposed  to  one 
another  on  a  photometric  bench  and  obtain  only  0.02  candle-power 
variation  in  five  hours. 

It  is  interesting  to  note  (Table  P)  that  the  oil  used  in  a  lamp 
replenished  from  day  to  day  during  one  week,  is  of  practically 
the  same  character  at  the  end  of  the  week  as  it  is  at  the  begin- 
ning. This  fact  demonstrates  that  the  wicks  carry  the  oil 
uniformly  and  do  not  separate  the  various  constituents  of  the  oil, 
and  fully  accounts  for  the  uniformity  of  burning  and  constant 
candle-power. 

From  the  tables  given,  very  interesting  calculations  can  be 
made  as  to  the  value  of  oils  used  in  various  ways,  and  also  in 
comparison  with  other  illuminants.  These  calculations  and  de- 
ductions will  be  left  to  others.  The  author  simply  desires  to 
place  on  record  here  some  results  of  the  large  amount  of  inter- 
esting work  that  has  occupied  what  spare  time  he  could  give  to 
ti  during  the  past  three  years.     He  has  been  fortunate  in  having 
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the  resources  of  the  Consolidated  Gas  Company  of  New  York  at 
his  disposal,  and  also  three  assistants,  Messrs.  Ihart,  Regan  and 
Morhous,  to  whom  he  tenders  his  sincere  thanks  for  their  cordial 
co-operation. 

TABLE  A— IivLUMiNATiNG  Vai,ue  of  Oii^s.     Macadam. 


Lamp  used 

Small  flat  flame 

Medium  flat  flame 

Large  flat  flame 

Oil  used 

Grains 
per            Candle- 
hour           power 

Grains 
per            Candle- 
hour           power 

Grains 
per 
hour 

Candle- 
power 

Paraffine    (Shale) 
Uphall  &  Young. 

328               6.0 

492           9-0 

656 

12.0 

Value  of  120-grns. 
of    paraffine   oil 
per  hour  

Qpgj-jU 

120               2.195 

180               1-306 
170.6           1.05 
153               0.90 

120             2.195 

120 

2-195 

Rape  (Colza) 

Whale 

— 

Lamp  used 


^-in.  Argand 


i-in.   Argand 


Grains 
per 
hour 

494 


120 


Candle- 
power 

9.0 
2-195 


Grains 
per 
hour 

975 


120 


Candle- 
power 

19.83 
2.719 


1006 

13.0 

933-2 
853 

11-33 
9.8 

Oil  used 

Paraffine    (Shale) 

Uphall  &  Young. 

Value  of  120-grns. 

of   paraffine   oil 

per  hour 

Sperm 

Rape   (Colza) 

Whale 


TABLE  B — Experiments  with  Various  Lamps,  Using  Kerosene  Oil 

Oil  not  measured. 


Burner  used  Time 

}i-in. 10  minutes 

"     2)^  hours 

* '     -' 4  hours 

i-in. 15  minutes 

" i|4f  hours 

"     33^  hours 

1.5  in.,  with  height  gauge 10  minutes 

I  hour 

2  hours 

1.5-in.    wick,     I-in.    height  gauge. 

Student  feed 10  minutes 

1.5-in.    wick,    I-in.    height  gauge. 

Student  feed i}i  hours 

1.5-in.    wick,     I-in.    height  gauge. 

Student  feed 3  hours 


Candle- 

Ilium  ina 

power 

tion   fc 

5-59 

90.7 

6.16 

100. 0 

6.16 

1 00.0 

8.64 

98.5 

8.77 

lOO.O 

8.56 

97.6 

6.88 

98.00 

6.79 

96.7 

7.02 

100.00 

11.76 


93-5 


12.51  99-5 

12.60         100. o 
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TABIvE  B.— {Continued). 


Burner  used 
1. 5-111.    wick,    i-in.    height  gauge. 


Student  feed 

1.5-in,  wick,  i-iii.  cut,  heightgauge. 
1-5-in.  wick,  I -in.  cut,  heightgauge. 
1.5-in.  wick,  i-in,  cut,  heightgauge.  ■ 
1.5-in.  wick,  I-in.  cut,  height  gauge. 
1.5-in.  wick,  I-in.  cut,  height  gauge 

i.5-iw- 

1.5-in.  wick,  I-in.  cut,  height  gauge 

1.5-in. 

1.5-in.  wick,  I-in.  cut,  height  gauge 

1.5-in.  

1.5-in.  wick,  I-in.  cut,  height  gauge 

1.5-in 


Time 

5  hours 
30  minutes 
3^  hours 
5>^  hours 
.   7  hours 

10  minutes 

2  hours 

5  hours 

7  hours 


Candle-    lUumina- 
power        tion  ^ 


11.67 

15.09 
14.96 

14.83 
14.52 

14.92 

14.73 
14.97 
15.05 


92.6 

1 00.0 

99.1 

98.3 
96.2 

99.1 

97.9 
99-5 

lOO.O 


oil  per  hour 
Grains 


TABLE  C— Kerosene. 
One  ^^-in.  wick.     6  hours. 


Variation 
of  illuminating  value 


Candle-power 

308.64  4.90  98.00 

308.64  5.00  100.00 

308.64  5.01  100.00 

308.64  5.01  100.00 

308.64  5.00  100.00 

308,64  5.00  100.00 

Average  4.987  99'7o 

I  c. p. -hour  requires  61.98  grains  of  oil. 

120  grains  of  oil  per  hour  ^=  1.936  candle-power 

Variation  of  standaid  during  test,  10.25  to  10.21  c.p. 


TABLE  D— Kerosene. 
One  I-in.  wick.     6  hours. 


oil  per  hour 
Grains 

Candle-power 

Variation 
of  illuminating  value 

617.28 

10.83 

98.71 

624.99 

10.87 

99.08 

617.28 

10.87 

99.08 

620.36 

10.97 

100.00 

617.28 

10.97 

100.00 

617.28 

10.97 

100.00 

Average     618.98 

10.913 

99.48 

I  c.p. -hour  requ 

ires 

56.71  grains  of  oil. 

120  grains  of  oil 

per 

hour  =^  2. 1 14 

candle- 

power. 

Variation  of  standard  during  test 

10.18  to 

10.14  c.p. 
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TABLE  E— Kerosene. 
Two  i-in.  wicks.     6  hours. 


oil  per  hour 

Variation 

Grains 

Candle-power                of  illuminating  value 

540.12 

8.83 

200.00 

540.12 

8.72 

98.75 

540.12 

8.72 

98.75 

540.12 

8.80 

99.66 

540.12 

8.80 

99.66 

540.12 

8.80 

99.66 

Average     540. 1 2 

8.78 

99.413 

I  c. p. -hour 

requires 

61.51  grains  of  oiL 

120  grains 

of  oil  per 

hour  ::==  1. 95 1  candle- 

power. 

Standard  unchanged  during  test. 

TABLE  F— Kerosene. 

Two  I. 

5-in.  wicks.     6  hours. 

Oil  per  hour 

Variation 

Grains 

Candle-power              of 

illuminating  value 

1208.32 

22.60 

98.70 

1208.32 

22.70 

99-13 

1208.32 

22.70 

99-13 

1208.32 

22.80 

99-56 

1208.32 

22.80 

99-56 

1208.32 

22.90 

100.00 

Average     1208.32 

22.75 

99.35 

I  c. p. -hour  requires  53.11  grains  of  oiL 

120  grains  of  oil  per  hour  =  2.259  candle-power. 

Variation  of  standard  during  test,  10.00  to  10.07  c.p. 


TABLE  G— Kerosene. 
One  round  wick  1.5-in.  diameter.     6  hours. 


Average 


Oil  per  hour 

Variation 

Grains 

Candle-power 

of  illuminating  value 

1898.17 

34.4 

99.71 

1898.17 

34.2 

99-13 

1898.17 

34.5 

100.00 

1898.17 

34.1 

98.84 

1908.17 

34-2 

99-13 

1898.17 

34.2 

99.13 

1898.17 

34.266 

99-32 

I  c.  p. -hour 

requires  55.40  grains 

of  oil. 

120  grains  of  oil 

per  hour  -=  2. 166  candle-power. 

Variation  of  standard  during  test, 

10.12 

to  10.00  c.p. 
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TABLE  H— Kerosene. 


One  round  wick 

,  i%- 

in.  in  diameter. 

6  hours. 

Oil  per  houi 
Grains 

Candle-power                of 

Variation 
illuminating  value 

1539- 1 1 

39.5 

99-49 

1539- 1 1 

39.6 

99-75 

1539- " 

39-6 

99-75 

I539-II 

39-6 

99-75 

1539- 1 1 

39-7 

100.00 

1539-Jti 

39-6 

99-75 

Average     153911                                39-6                                 99-75 
I  c. p. -hour  requires  38.86  grains  of  oil. 
120  grains  of  oil  per  hour  =  3.08  candle-power. 
Variation  of  standard  during  test,  10.08  to  10.01  c.p. 

TABLE  I- 

-Summary  of  Six-Hour  Tests. 

Kerosene. 

Burner  used 

c. 

D 

E. 

F.             G.                  H. 

size  of  wick  /^-in.  one  i-in.        two  i-in.  two  1.5-in.    1.5-in.  iy%-'n\. 

Grains  oil  per  hour..  308.64       618.98        540.12     1208.32  1898.17     1539. 11 
Average  candle-power      4.987       10.913  8.78         22.75       34-26        39.60 

Average  per  cent,    il- 
lumination         99.70         99.48  99.41         99.35       99.32         99.75 

One  c.p.-hour  requires 

grains  of  oil 61.98         56.71  61.51         53.11       55.40         38.86 

120  grains  of  oil  per 
hour  =  candles 1.936        2. 114         1.951         2.259         2.166        3.080 

TABLE  J— 300°  F1.ASH  Oil,  40.4°  Beaume. 
Two  I-in.  wicks.     4  hours. 


oil  per  hour 

Variation 

Grains 

Candle-power 

of  illuminating  value 

459-87 

6.34 

100.00 

459-87 

5-73 

90-3 

462.96 

5-93 

93-5 

450.71 

5-56 

87.7 

457.85 

5.890 

92.9 

Average 

I  c.p.-hour  requires  77.7  grains  of  oil. 

T20  grains  of  oil  per  hour  =  1.544  candle-power. 

Standard  unchanged  during  test. 

TABLE  K— Oii<  Mixture,  (Hai.f  Kerosene,  Hai^f  300°  Flash), 

Mixture  =-  44.5°  Beaume  at  60°  F. 

Two  I-in.  wicks.     4  hours, 
oil  per  hour  Variation 

Grains  Candle-power  of  illuminating  value 

544.75  9.01  lOO.O 

544-75  8.93  99.1 

544.75  9-or  loo.o 

544-75  8.91  98.9 

Average     544-75  8.965  99.5 

I  c.p.-hour  requires  60.8  grains  of  oil. 

120  grains  of  oil  per  hour  =:  T.975  candle-power. 

Standard  unchanged  during  test. 
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TABLE  L— Oil.  Mixture,  (Hai^f  Kkrosenk,  Hai,F3oo°  Flash). 

One  i-in.  wick.     4  hours. 

Mixture  =  44-5°  Beaume  at  60°  F. 


Oil  per  hour 

Variation 

Grains 

Candle-power 

of  illuminating  value 

552.46 

7.70 

1 00.0 

552.46 

7.65 

99-3 

540.12 

7.15 

93-0 

535-49 

7.00 

91.0 

542.69 

7.375 

95-8 

Average 

I  c. p. -hour  requires  73.6  grains  of  oil. 

120  grains  of  oil  per  hour  =  1.630  candle-power. 

Standard  unchanged  during  test. 

TABLE  M,  Oil.  Mixture,  (Half  Kerosene,  Half  300°  Flash). 

Student  Feed. 
One  1.5-in.  wick.     7  hours. 
Oil  mixture,  44.5°  Beaume. 
Tested  for  variations  of  candle-power  with  time. 
Time  Candle-power 

9  :  30  A.  M.  15.05 

10  :  30      "  14.85 

11:30      "  14.43 

12  :  30  P.  M.  14.43 

1  :  30      "  14.33 

2  :  30      "  14-33 
3:30      "                                 14.23 

4  :  30      "  14-23 

7  hours  14-485  Average  c.p. 

Maximum  candle-power 15-05 

Minimum  candle-power 14.23 


Variation  of  candle-power .82 

Variation  100  to  94.55. 
Standard  unchanged  during  test. 

TABLE  N— Gas  Oil,  (Distilled),  35.3°  Beaume:,  0.847  Specific 

Gravity. 
Two  i-in.  wicks.     6  hours. 

oil  per  hour  Variation 

Grains  Candle-power  of  illuminating  value 

578.70  8.18  lOO.O 

578.70  8.18  lOO.O 

578.70  8.18  lOO.O 

578.70  8.18  lOO.O 

578.70  8.12  99.26 

578.70  8.12  99.26 

578.70  8.12  99.26 

Average     578.70  8.16  99.68 

I  c.p. -hour  requires  70.9  grains  of  oil. 

120  grains  of  oil  per  hour  =^  1.692  candle-power. 

Variation  of  standard  during  test,  10.32  to  10.30  c.p. 
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TABLE  O— Gas  Oir,,  (Distii,i.ed),  35.3°  Beaume,  0.847  Specific 

Gravity. 

Two  1.5-in.  wicks.     6  hours, 
oil  per  hour  Variation 

Grains  Candle-power  of  illuminating  value 

657.4  14.40  lOO.O 

657-4  14.30  99-3 

640.4  14.10  98.0 

632.7  13.70  95.1 

617.3  13-40  93.0 

617.3  13.20  9[.6 

617.3  13.10  91.0 

Average     630.4  13.74  95.4 

I  c.p.-hour  requires  45.9  grains  of  oil. 
120  grains  of  oil  per  hour  =  2,6  r4  candle-power. 

Variation  of  standard  during  test,  10.00  to  10.06  c.p. 

TABLE  P — Lamp  One  Week  Burning,  Using  Kerosene,  Test 

OF  Variation  of  Oii^. 

Oil  at  start,  49.1°  Beaume,  60°  Fahr. 
Oil  at  finish,  49.0°  Beaume,  60°  Fahr. 

D1STILI.AT10N. 

320°-400°  F-  4oo°-500°  F. 

Start,       47,2^     52°  Be     42.8%     47°  Be 
Finish,    46.0^     52°  Be     42.0%     47°  Be 


Residuum 

500O-600O  F. 

6oo°-66o°  F 

6.8%     41.0°  Be 

3-2% 

0.0%     41.5°  Be 

2.0% 

DISCUSSION. 

Mr.  N.  W.  Gifford  :  —  T>r.  Elliott  neglected  to  state  that  his 
standard  is  already  in  quite  general  use  for  a  working  standard. 
I  know  that  in  the  work  of  which  I  have  charge  there  are  a  great 
many  photometric  observations  taken  every  week  with  his  stand- 
ard as  the  basis. 

Mr.  C.  O.  Bond : — I  have  had  some  experience  with  the  oil 
lamp,  chiefly  with  Dr.  Elliott's  lamp  having  the  student  feed  prin- 
ciple and  a  fiat  wick.  The  flat  wick  t>  pe  is  the  only  one  I  have 
tested  out,  and  the  author's  conclusions  are  borne  out  in  my  case 
also — that  up  to  ten  hours  it  gave  a  very  satisfactory  light.  I 
was  in  hopes  that  we  could  get  a  lamp  which  would  burn  longer 
than  that  with  a  constant  value.  After  twenty-four  hours,  I 
find  that  there  is  in  most  cases  a  rather  heavy  incrustation  of  the 
wick,  where  it  chars  on  being  exposed  to  the  flame.  On  several 
occasions,  where  the  lamp  has  burned  continuously,  at  the  end 
of  from  eighteen   to  twenty  hours,    the  chimney  cracked,   evi- 
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dently  due  to  the  fact  that  as  the  incrustation  progressed  and  the 
flow  of  oil  through  it  became  more  and  more  difficult,  the  oil 
would  apparently  flow^  through  the  path  of  least  resistance, 
usually  at  one  side  of  the  wick,  causing  there  a  flame  of  exagge- 
rated length,  which  would  impinge  on  the  chimney,  and  crack  it 
through  the  effect  of  local  heating.  Of  course,  it  also  had  the 
result  of  smoking  the  interior  of  the  chimney,  more  or  less,  al- 
though as  a  rule  above  the  point  where  it  would  do  any  harm  in 
the  way  of  diminishing  the  light. 

Of  course,  any  oil  lamp  will  be  open  to  the  two  objections  to 
be  avoided  in  standards  of  light,  first  that  it  has  a  wick  feed,  and 
especially  in  this  case  a  wick  feed  where  the  flame  is  in  direct 
contact  with  the  wick,  and  not,  as  in  the  case  of  the  Hefner 
lamp,  or  some  of  the  pentane  lamps,  where  the  wick  is  practi- 
cally not  in  contact  with  the  flame.  Secondly,  that  it  is  sur- 
rounded by  a  glass  chimney,  and  this  glass  chimney  must  be 
closely  watched  to  see  that  there  is  no  collection  of  an  oily  layer 
either  from  the  products  of  combustion  or  working  up  from  be- 
low, as  might  be  the  case  if  the  lamp  were  too  long  in  use. 

The  determination  of  the  length  of  time  that  this  lamp  can  be 
burned  and  called  an  authoritative  standard  is  important.  If  one 
can  be  sure  that  it  will  burn  for  ten  hours,  without  any  correc- 
tion, beyond  a  half  of  one  per  cent.,  or  one  per  cent.,  well  and 
good  ;  but  if  at  the  end  of  twenty-four  hours  it  has  lost  four,  or 
five,  or  six  per  cent,  in  value  then  it  will  be  necessary  to  work 
out  the  curve  and  find  what  percentage  was  lost  at  ten,  twelve 
and  fifteen  hours,  or  whether  the  loss  is  proportional  to  the 
elapsed  time. 

In  my  own  experience  the  lamp  was  not  as  regular  as  desir- 
able, as  sometimes  it  burned  twenty-four  hours  with  a  compara- 
tively large  per  cent,  of  loss,  and  at  other  times  with  a  small  one. 
The  lamp  I  tried  was  a  ten-candle  unit.  Dr.  Elliott  now  has 
one  in  which  the  amount  of  flame  exposed  to  view  through  the 
diaphragm  is  equivalent  to  about  a  five-candle  lamp.  Perhaps 
he  has  secured  better  results  from  this  lamp. 

The  Hefner  lamp  is  excellent,  but  gives  too  small  a  light  unit 
for  practical  purposes.  It  is  a  unit,  but  it  is  not  a  working 
standard.  The  pentane  lamp  has  some  objections ;  it  is  expen- 
sive to  maintain  as  compared  to  a  kerosene  lamp.     There  has 


444      TRANSACTIONS  OF  ILLUMINATING  e:nGINE:e:RING  SOCIETY 

been  difficulty  up  to  date  in  the  shipment  of  pentane.  The  lamp 
is  expensive  also  in  first  cost  as  compared  to  the  lamp  which  Dr. 
Elliott  has  suggested. 

This  is  a  good  field  for  investigation,  if  an  oil  standard  is 
found  it  certainly  ought  to  be  of  a  great  deal  of  use  to  illuminat- 
ing engineers  when  they  are  far  removed  from  their  base  of 
supplies  and  cannot  get  a  more  constant  standard. 

Mr.  R.  C.  Ware: — Has  Dr.  Elliott  experimented  with 
asbestos  wicks,  to  get  rid  of  the  charring  ?  I  suppose  there  is  a 
certain  amount  of  carbonization,  due  to  the  burning  of  oil  itself, 
but  it  seems  to  me  that  it  is  possible  to  eliminate  a  great  deal  of 
the  charring  by  using  a  non-combustible  wick. 

Mr.  N.  A.  Dutton: — Is  it  not  a  fact  that  a  lamp  will  burn  as  read- 
ily with  as  little  loss  of  efficiency  twenty-four  hours  as  ten  hours, 
provided  the  reservoir  is  supplying  the  oil  constantly  at  a  uni- 
form distance  from  the  flame,  as  a  student  lamp  properly  con- 
structed with  a  constant  flow  of  oil  should  do  ?  A  reservoir, 
holding  oil  sufficient  to  burn  twenty-four  hours,  would  be  rather 
unsightly,  and  would  not  be  considered  a  commercial  article. 
The  reservoirs,  as  made  today,  are  expected  to  hold  enough  oil 
to  last  at  least  two  evenings.  If  oil  is  drawn  for  more  than  six 
inches,  there  is  danger  of  charring  the  wick,  which  of  course 
would  diminish  the  intensity  of  the  flame  and  leads  to  its  smok- 
ing. 

Dr.  E.  P.  Hyde  : — There  is  one  point  to  which  I  think  refer- 
ence might  be  made  in  this  connection — if  the  lamp  is  to  be 
used  as  a  working  standard,  and  is  not  to  be  depended  upon  for 
an  absolute  value  of  light,  it  would  have  to  be  standardized  in 
position  probably,  after  the  wdck  was  trimmed.  I  do  not  see  off 
hand,  what  the  objection  would  be  to  re-standardiziug  it  two  or 
three  times  a  day.  Why  should  it  have  to  burn  indefinitely,  in 
order  to  be  a  satisfactory  working  standard  ? 

I  have  had  no  experience  with  the  lamp  myself,  but  I  am  very 
much  interested  in  the  development  of  a  suitable  working  stand- 
ard for  gas  and,  therefore  I  should  like  to  ask  Dr.  Elliott,  first, 
whether  one  can  depend  upon  the  absolute  value  of  the  light 
from  the  lamp,  provided  he  uses  the  same  oil  and  the  same  kind 
of  wicks  without  having  to  recalibrate  it  ?  If  it  is  possible  to  do 
so,  then  one  can  trim  the  wick   from   time  to  time.     If  not,  it 
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must  be  standardized  anyhow,  and  it  seems  to  me  that  it  is  not  a 
very  great  objection  to  the  lamp  that  it  must  be  standardized  two 
or  three  times  during  the  day. 

In  photometry  of  electric  lamps,  I  do  not  believe  it  is  uncom- 
mon to  check  up  the  comparison  lamp  several  times  a  day  in 
order  to  see  that  it  has  not  changed,  and  in  the  case  of  a  flame 
comparison  source  the  wick  might  be  retrimmed  and  the  lamp 
restandardized  at  intervals.  If  it  runs  perfectly  constant  for 
eight  or  ten  hours,  it  seems  to  me  it  is  well  worthy  of  further 
consideration  as  a  secondary  or  working  standard  in  gas  photom- 
etry. 

Mr.  E.  /v.  Elliott : — Is  the  change  in  candle-power  due  to  a 
change  in  the  size  of  the  flame,  on  to  a  change  in  the  specific 
brilliancy  of  the  flame  ? 

President  Bell : — Would  there  be  any  advantage  in  the  use  of 
a  specific  hydro-carbon,  easily  obtained,  or  in  the  use  of  a 
flat  quartz  plate  without  a  screen  or  chimney  in  order  to  avoid 
danger  in  cracking  the  chimney  and  to  give  a  more  uniform  flux 
of  light  through  the  specified  area? 

Dr.  A.  H.  Elliott :—Kxis>\N^\\x\%  Dr.  Bell's  question  first,  I  will 
say  that  the  use  of  a  definite  hydro  carbon  is  not  necessary.  Use 
has  been  made  of  hydro  carbons  or  kerosene  oils  as  low  as  45° 
Beaume,  and  there  was  obtained  a  light  within  two  or  three  per 
cent,  of  the  liu;ht  with  oil  oi  50°  Beaume.  The  hydro  carbons 
that  are  45°  Beaume  have  a  much  lower  burning  point  than  those 
of  50°  Beaume,  and  they  are  very  heavy,  probably  dodecane  in 
the  paraflin  series 

The  time  of  test  mentioned  in  the  paper  was  ten  hours,  be- 
cause that  was  th-  long:est  period  over  which  I  have  made  ex- 
periments but  in  one  of  the  gas  companies  in  Greater  New  York, 
where  the  Iriips  are  fed  from  reservoirs  that  hold  oil  for  twenty- 
four  hours  burnrng,  the  candle-power  of  the  lamp  drops  only  .2 
or  .3  candle  in  that  time.  A  certain  lamp  used  for  two  months, 
worked  bv  two  men  who  standardized  it  night  and  morning, 
showed  a  variation  in  candle-power  per  month  of  .9  per  cent,  of 
the  total  light. 

The  results  recorde  1  in  the  paper  were  obtained  with  bare 
flames.  There  is  no  mention  of  a  screen  in  the  paper.  In 
fact,  the  discussion  has  curiously  turned  on  to  the  photometric 
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standard.  The  paper  was  not  intended  to  bring  forward  a 
photometric  standard,  but  merely  to  put  on  record  the  reliability 
and  photometric  value  of  different  flames,  with  a  view  of  ascer- 
taining the  work  of  others  along  the  same  line. 

Now,  with  regard  to  broken  chimneys,  we  do  not  break  a 
chimney  once  a  month.  The  breaking  of  chimneys  must  be  due 
to  the  flame  getting  very  much  incrusted  or  to  the  use  of  a  poor 
grade  of  oil.  There  are  some  kerosene  oils  in  the  market  that 
are  much  colored  and  these  should  not  be  used.  We  have  been 
very  successful  in  getting  the  oil  companies  to  make  an  oil  that 
is  nearly  water  white.  The  records  of  the  different  men  who  are 
using  the  lamps  are  very  concordant,  and  we  have  not  had  much 
trouble  from  the  breaking  of  chimneys. 

With  regard  to  the  Hefner  lamp  and  the  pentane  lamp  I  may 
say  that  I  agree  with  Mr.  Bond  that  the  Hefner  lamp  gives  too 
small  a  unit  of  light.  Unless  extra  care  is  taken  it  is  difficult  to 
read  to  o.  10  candle  with  a  Hefner  lamp.  The  smallness  is  one 
objection.  Another  objection  is  its  color.  When  white  light, 
like  that  of  the  Welsbach  is  to  be  measured,  it  is  troublesome  to 
match  the  two  shadows  on  the  disk. 

With  regard  to  the  pentane,  first,  it  is  a  large  clumsy  instru- 
ment, and  second,  it  does  not  conform  to  the  claims  for  it.  After 
a  lamp  has  been  used  for  some  days,  the  remaining  pentane  is 
not  the  same  in  composition  as  the  pentane  put  in.  Further- 
more, the  light  does  not  remain  constant  as  with  the  wick  burner 
or  electric  standard,  or  even  with  the  Hefner.  It  requires  con- 
stant attention,  and  as  the  room  and  burner  become  hotter,  one 
must  adjust  it  constantly,  and  it  causes  a  great  deal  of  trouble. 

The  expense  of  the  pentane  lamp  is  enormous.  One  man  told 
me  it  cost  $30  a  month  to  keep  his  photometer  lamps  in  opera- 
tion.  Now  he  uses  kerosene  oil  at  a  cost  of  only  $2.00  per  month. 

I  am  glad  that  Mr.  Bond  brought  up  the  lo-cp.  lamp,  because 
it  gives  me  a  chance  to  speak  of  some  of  the  features  of  the  5- 
cp.  lamp.  In  a  certain  5-cp  lamp,  which  started  Monday,  and 
was  turned  out  every  night  and  was  tested  only  incidentally  to 
ee  how  it  was  getting  along,  the  change  of  candle-power  from 
Monday  morning  to  Saturday  afternoon  was  from  5.02  to  5.08 
candle-power — a  variation  of  less  than  .06  candle  in  the  week. 
The  lamp  was  not  touched,  not  even  trimmed  ;  it  was  lighted 
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every  day,  and  it  was  allowed  to  burn  for  seven  or  eight  hours  a 
day.  It  was  blown  out  at  night  and  the  next  morning  turned 
up  and  lighted  with  a  match  carefully,  not  to  disturb  the  crust, 
and  at  the  end  of  a  week  it  had  gained  0.06  candle.  It  is  a  good 
standard  for  a  normal,  working  condition,  and  we  are  pleased 
with  it  and  like  it  better  than  the  ten-candle  standard.  The 
whole  flame  shows  under  test  between  twelve  and  thirteen 
candles,  which  does  not  drop  to  less  than  twelve  candles  in  a 
week.     The  screen  cuts  5-cp  out  of  such  a  flame. 

With  regard  to  asbestos  wick,  that  is  an  ingenious  idea  and 
may  work.  I  tried  another  kind  of  a  wick  some  time  ago,  a  felt 
wick.  This  wick  gets  clogged  more  readily  than  the  cotton 
wick.  The  cotton  wick  has  a  certain  size  and  weight,  like  the 
wick  of  a  candle,  and  one  must  be  careful  with  it ;  in  the  original 
specification  for  the  lamp  the  weight  of  the  wick  and  the  amount 
of  material  in  it  is  mentioned.  The  makers  take  care  of  these 
details.  Of  course,  the  wick  must  be  uniform.  One  size  of  wick 
cannot  be  used  one  week,  and  another  size  the  next  week,  but 
they  must  be  uniform.  After  a  person  becomes  accustomed  to  a 
certain  set  of  wicks,  it  does  not  matter  much  what  kind  of  ma- 
terial the  wick  is  made  of. 

I  think  the  asbestos  wick  would  be  very  good  if  it  was  made 
sufficiently  loose  and  fluffy.  The  cotton  wicks  become  tanned 
and  get  hard  at  the  lower  end  and  they  must  be  thrown  away. 
It  is  a  good  plan  to  abandon  a  wick  at  the  end  of  a  week,  in 
order  to  prevent  any  change  in  the  standard. 

Mr.  Elliott  asked  whether  the  change  of  candle-power  is  due 
to  the  variation  in  the  intrinsic  brilliancy  or  to  a  change  in  the 
height  of  the  flame.  It  is  due  to  change  in  the  height  of  the 
flame.  The  flame  does  decrease  a  little  at  the  end  of  a  week,  or 
even  at  the  end  of  eight  or  ten  hours,  when  it  does  not  drop  more 
than  a  quarter  of  an  inch  in  height,  perhaps  only  an  eighth.  A 
mark  is  provided  on  the  steel  screen,  and  the  flame  is  kept  to 
about  that  leveL  It  is  not  essential  to  adjust  the  height  accu- 
rately, however.  It  is  not  necessary  to  standardize  every  day  if 
one  obtains  a  good  flame,  a  thick  flame  that  covers  the  slot,  and 
if  it  has  a  definite  height  to  start  from.  It  can  be  blown  out  and 
relighted  every  day,  and  I  think  it  is  fair  to  say  that  it  will  not 
change  more  than  o.  i  candle  in  a  week.     That  is  the  statement 
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of  the  men  who  have  used  it.  Personally,  I  have  not  done  any 
v^^ork  with  it  lately,  but  they  claim  that  lamp  is  good  for  a  week 
at  five  candles.  The  candle-power  at  the  works  checks  up  with 
the  candle-power  at  the  testing  stations  using  candles,  and  shows 
the  lamp  to  be  working  pretty  close  to  standard.  The  advantage 
of  the  smaller  unit  is  obvious. 


STREET  LIGHTING:     FIXTURES  AND 
ILLUMINANTS.^ 


BY  H.   THUESTON   OWKNS. 


''The  Street  Lamppost  is  certainly  a  prominent  object,  but  as 
a  matter  of  fact  nobody  cares  what  its  appearance  is  like,  except 
perhaps  the  select  few  who  devote  the  grea.ter  part  of  their  time 
to  grumbling  in  general."     Norton  H.  Humphreys,  London,  1894. 

In  the  majority  of  cases  the  above  statement  illustrates  the  con- 
ditions in  this  country  today  and,  strange  to  say,  the  indifference 
is  found  among  engineers  as  well  as  laymen ;  in  fact,  the  former 
have  denied  having  any  interest  in  either  the  appearance  or  the 
type  of  illuminant,  stating  that  even  illumination  was  the  chief 
desideratum  in  street  lighting.  My  view  of  the  matter  is  that  the 
illuminating  engineer  is  the  one  preeminently  qualified  to  insure 
that  these  very  matters  are  properly  taken  care  of.  Fortunately 
there  is  a  growing  popular  interest  in  the  subject,  and  the  im- 
portance of  having  fixtures  and  illuminants  which  are  uniform 
is  apparent  to  everyone  who  has  investigated  the  matter. 

In  the  larger  cities  of  this  country,  the  class  of  street  lighting 
may  be  divided  into  five  distinct  groups  and  each  must  be  handled 
along  separate  lines,  as  follows : 

1.  Retail  business  districts. 

2.  Wholesale  business  districts. 

3.  Residence  streets  in  residence  districts. 

4.  Prominent  thoroughfares  in  residence  districts. 

5.  Outlying  country  roads. 

The  illuminants  which  are  available  for  this  purpose  at  the 
present  time  are  of  three  types — Electric  arcs,  electric  incandes- 
cent and  mantle  lamps,  gas  or  naphtha  (only  those  used  for 
regular  public  lighting  being  considered)  and  their  development 
has  been  briefly  as  follows : 

Gas  and  Naphtha  Lamps:  The  oldest  and  most  numerous 
are  the  gas  lamps,  and  the  open-flame  type,  equipped  with  square 
lanterns  shown  in  Fig.  i  was  until  recently  that  in  general  use. 

1  A.  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Kngineer- 
ing  Society,  Philadelphia,  October  5-6,  1908. 
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These  have  been  gradually  superseded  by  the  mantle  type,  shown 
in  Fig.  2,  and  this  has  become  the  standard  gas  lamp  for  the 
lighting  of  residence  streets.  Mantle  naphtha  lamps  are  equal 
to  those  of  the  gas  type  in  efficiency  and  have  the  great  advantage 
of  being  self-contained  units.  The  mantle  gas  lamp  used  in  Paris 
and  Brussels  is  illustrated  in  Fig.  3. 

Incandescent  Lamps:  The  only  other  small  unit  which  we 
may  consider  is  the  incandescent  electric  lamp,  and  up  to  the 
present  time  it  has  been  the  equivalent  of  the  open  flame  gas  lamp 
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Figs.  I,  2  and  3.— Types  of  Gas  I^amps. 


rather  than  the  mantle  type,  but  the  fixture  used  has  not  been 
a  credit  to  either  the  industry  or  the  municipality.  Now  that 
more  efficient  types  of  lamps  are  becoming  available,  we  may 
hope  to  see  them  used  upon  fixtures  similar  to  those  shown  in 
Figs.  2  and  3,  and  located  upon  alternate  sides  of  the  street. 

Arc  Lamps :  The  well  known  open  arc  lamp  has  been  replaced 
by  the  enclosed  type  to  a  greater  extent  than  open  flame  gas 
lamps  have  been  replaced  by  those  of  the  mantle  type,  but  without 
the  great  gain  in  efficiency.     As  far  as  the  majority  of  installa- 
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tions  are  concerned,  its  appearance  is  greatly  against  it,  as  will 
be  seen  by  referring  to  Fig.  4.  This  type,  which  is  known  as 
the  "Mast  Arm,"  has  seen  many  variations,  the  idea  being  to 
bring  the  lamp  well  over  the  street  and  beyond  the  trees.  Prob- 
ably the  handsomest  post  so  far  designed  for  this  purpose  is 
shown  in  Fig.  5,  being  installed  along  a  boulevard  lined  with 
immense  elms. 

In  the  business  portions  of  American  cities  trees  are  rarely 
to  be  found  and  the  necessity  of  these  long  arms  disappears, 
although  there  is  a  large  number  of  lamps  in  use  similar  to  the  one 
shown  in  Fig.  6.     This  post  could  well  be  combined  with  the  trol- 


Figs.  4,  5  and  6.— Types  of  Klectric  Arc  I^amps. 


ley  pole,  also  illustrated,  thereby  improving  not  only  the  appear- 
ance but  the  results  as  well.  Unless  arc  lamps  are  equipped  with 
dense  opal  globes  and  hung  at  least  twenty  feet  high,  they  should 
not  be  located  more  than  three  feet  beyond  the  curb  line. 

Ornamental  Lighting :  Street  lighting  installations  should  aim 
to  be  ornamental,  but  as  this  term  is  now  generally  used  it  re- 
fers more  often  to  a  spectacular  installation,  and  many  of  these 
are  now  to  be  found  somewhat  similar  to  the  incandescent  lamps 
with  frosted  enclosing  globes,  also  illustrated  in  Fig.  7.  For 
this  type  of  lamp,  gas  is  the  illuminant  used  in  Europe;  while 
more  efficient,  it  is  not  likely  to  become  popular  here,  owing  to 
the  attitude  of  the  gas  interests  toward  this  feature  of  the  busi- 
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ness.  Arc  lamps  in  pairs  with  dense  opal  globes  are  very  effec- 
tive for  ornamental  lighting,  as  the  white  color  is  in  very  pleas- 
ing contrast  to  the  yellow  from  the  incandescents  upon  the  sur- 


Figs.  7  and  8.— Ornamental  Street  L,atnps. 


rounding  advertising  signs.     One   of  the  older  installations   of 
this  type  is  shown  in  Fig.  8. 

SUMMARY 

The  lighting  arrangements  for  the  various  districts  with  the 
illuminants  at  hand  may  be  summed  up  as  follows  : 

I.  Retail  Business  Districts:  In  the  retail  business  districts 
overhead  trolleys  are  usually  to  be  found,  and  in  order  that  there 
may  be  no  unnecessary  duplication  of  poles  and  that  the  appear- 
ance of  those  in  use  may  be  materially  improved,  a  combination 
trolley  and  light  pole  should  be  used.  Another  advantage  of  this 
system  is  that  there  will  be  a  sufficient  number  of  poles  at  hand 
ready  for  use  should  it  be  found  desirable  to  increase  the  number 
of  lamps.     Where  the  underground  trolley  system  has  been  in- 
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stalled,  the  types  of  lamps  which  can  be  used  successfully  vary 
greatly  and  the  type  is  usually  determined  by  the  expense  in- 
volved. The  lamps  should  be  hung  from  fifteen  to  twenty  feet 
above  the  street  and  should  be  equipped  with  frosted  or  dense 
opal  globes,  and  when  so  equipped,  have  a  maximum  candle 
power  of  not  over  400.  The  larger  the  candle  power  the  higher 
up  it  should  be  placed. 

2.  Wholesale  Business  Districts :  Arc  lamps  will  be  found  the 
most  satisfactory  for  lighting  these  districts  for  two  reasons, 
one  being  that  heavy  trucking  makes  it  essential  that  the  posts 
be  as  few  in  number  as  possible  and,  therefore,  large  units  must 
be  used;  and  the  other  is  that  the  excellent  reflection  obtained 
from  business  buildings  greatly  aids  the  distribution. 

3.  Residence  Streets :  The  unit  should  not  be  larger  than  60 
c.  p.,  placed  upon  posts  and  not  more  than  twelve  feet  above 
the  sidewalk,  and  located  upon  alternate  sides  of  the  street.  This 
means  that  mantle  gas,  mantle  naphtha,  or  electric  incandescent 
can  be  used. 

4.  Prominent  Thoroughfares  in  Residence  Districts:  Arc 
lamps  should  be  placed  upon  street  intersections  at  alternate  cor- 
ners and  not  more  than  300  feet  apart.  In  case  these  streets 
are  lined  with  trees,  posts  should  be  of  the  mast-arm  type,  the 
arm  being  long  enough  to  bring  the  lamp  beyond  the  line  of  the 
trees ;  and,  if  the  traffic  is  very  heavy,  additional  light  should  be 
furnished  by  means  of  additional  arc  lamps,  or  by  small  units. 
The  type  of  lamp  to  be  used  for  this  additional  lighting  can  only 
be  determined  by  each  individual  case,  but  as  a  rule  the  small 
unit  for  local  lighting  makes  the  most  satisfactory  combination. 

5.  Outlying  Districts:  Owing  to  the  expense  entailed  it  is 
impossible  to  obtain  uniform  illumination  upon  outlying  thor- 
oughfares. Therefore,  it  does  not  greatly  matter  which  type  of 
lamp  is  selected,  provided  it  is  placed  on  alternate  sides  of  the 
street.  The  selection  of  the  illuminant  here  will  depend  greatly 
upon  the  additional  commercial  business  which  may  be  obtained, 
which  is  the  principal  reason  why  arcs  are  so  often  used  for  this 
purpose,  not  their  superiority. 

The  question  of  breakage  is  often  brought  up  as  an  argument 
against  costly  street  lighting  fixtures,  but  as  a  matter  of  fact, 
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as  the  appearance  improves,  willful  destruction  decreases ;  and 
the  respect  for  handsome  fixtures  will  be  enhanced  if  their  use 
for  other  purposes  such  as  advertising,  be  prohibited.  The  ar- 
chitect's designs  of  lampposts,  such  as  those  used  to  adorn 
the  entrances  of  buildings,  cannot  be  taken  as  models  for  street 
lighting ;  those  who  contend  that  art  commissions  have  the  ability 
to  cope  with  the  matter  would  do  well  to  investigate  installations 
having  their  stamp  of  approval.  Undoubtedly,  therefore,  it  is  the 
business  of  the  illuminating  engineer  to  see  that  the  designs  are 
dignified  and  artistic  as  well  a?  efficient. 


DISCUSSION. 

Mr.  C.  W.  Hare : — In  presenting  his  paper  the  author  said 
that  a  certain  lighting  scheme  is  very  good,  and  the  reason  it 
does  not  work  in  one  place  is  because  the  gas  interests  are 
against  it.  If  we  work  on  such  lines  as  these  we  will  never  get 
anywhere.  T  wish  to  say  that  I  am  here  to  work  in  the  interest 
of  illumination,  both  gas  and  electric.  It  seems  to  me  that  if 
we  can  realize  the  principle  that  it  is  not  electricity,  that  it  is  not 
gas,  we  want  to  push  to  the  front,  but  it  is  the  proper  illumina- 
tion of  our  cities,  we  will  perhaps  eventually  reach  that  standard 
set  so  well  before  us  by  the  work  on  the  other  side  of  the  water. 
However,  I  am  willing  to  state  that  gas  as  an  illuminant  for 
street  lighting  in  this  country  has  not  been  brought  up  to  the 
proper  efficiency.  I  have  been  informed  by  certain  friends  of  mine 
who  have  spent  the  last  two  or  three  months  in  traveling  through 
European  cities,  that  gas  is  used  there  to  a  most  remarkably 
large  extent  in  street  lighting. 

Mr.  C.  O.  Bond: — Last  year  Dr.  Bell  presented  a  paper  show- 
ing the  reflecting  efficiency  of  different  colored  surfaces.  It 
occurs  to  me  that  if  the  buildings  along  our  streets  were  of  very 
Hght  color,  a  marvelously  increased  efficiency  would  be  obtained 
in  street  lighting  without  changing  the  number  of  units  novv^ 
employed,  I  do  not  mean  to  advocate  rebuilding  the  houses,  but 
in  looking  to  the  future  it  is  possible  that  commissions  may 
exercise  some  control  over  color  schemes,  and  keep  this  point  in 
mind. 

Dr.  Bell  said  that  a  cream  white  color,  reflects  about 
sixty-four  per  cent,  of  the  light  delivered  to  it,  whereas  a  dark 
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green  or  a  dark  red  reflects  about  six  per  cent.  The  ratio  is  ten 
to  one,  and  represents  a  gain  certainly  worth  utilizing.  The  at 
present  largely  useless  half  of  the  illumination  which  is  thrown 
on  the  buildings  should  be  sent  back  into  the  streets. 

The  purpose  of  street  lighting  is  to  illuminate  the  surface  of 
the  street,  but  under  the  present  conditions  fifty  per  cent,  of  the 
light  goes  over  the-  fence  into  the  yard  of  a  man  who  does  not 
pay  for  it. 

In  the  majority  of  cases  we  are  blinded  and  hindered  by  the 
street  light,  instead  of  helped  by  it,  especially  in  the  very  high 
units  which  are  placed  high  and  are  inefficient.  An  extreme 
case  exists  in  the  Girard  College  grounds  in  the  City  of  Philadel- 
phia, wheie  clusters  of  arc  lamps  are  placed  on  towers  120 
feet  high;  they  are  completely  above  the  ordinary  line  of  vision, 
and  give  the  impression  of  a  full  moon.  The  cost  of  illuminat- 
ing the  upper  air  must  be  enormous.  It  might  be  well  to  lower 
the  lamps  and  use  proper  reflectors  for  directing  the  light. 

Mr.  V.  R.  Lansingh: — With  the  ordinary  square  lamp  post 
used  for  gas,  one  of  the  most  suitable  arrangements  I  have  seen 
is  one  in  which  the  panes  are  made  of  opal  glass,  leaving  the 
other  three  clear.  That  scheme  is  employed  on  one  of  the  Lon- 
don Bridges.  The  result  is  that  the  light  toward  the  water  does 
not  glare  into  the  eyes  of  the  boatmen  passing  up  and  down  the 
river,  and  they  can  see  the  arches  of  the  bridge.  Moreover, 
with  the  pane  of  opal  glass,  a  very  considerable  percentage  of 
the  light  is  thrown  back  on  the  roadway  of  the  bridge.  By  this 
simple  expedient  the  useful  illumination  is  increased  by  possibly 
25.  per  cent.,  and  danger  from  accident  due  to  the  glare  of  the 
light  in  the  boatman's  eyes  is  eliminated. 

The  above  scheme  could  be  adopted  in  our  cities  in  order  to 
prevent  the  waste  of  light  which  is  going  towards  vacant  lots 
or  towards  houses,  and  which  makes  it  so  uncomfortable  for 
persons  sitting  on  their  front  porches.  There  are  other  means 
of  accomplishing  this  same  purpose.  It  can  be  accomplished 
by  designing  globes  of  such  a  form  and  shape  as  not  only  to 
cut  off  the  light  from  the  house  steps  or  the  vacant  lots  to  a 
considerable  extent,  but  also  to  throw  the  light  up  and  down  the 
street  where  it  is  most  needed.  Almost  all  forms  of  street 
lighting  in  use  today  give  a  uniform,  horizontal  distribution,  so 
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that  as  much  Hght  is  thrown  in  one  direction  as  in  the  other. 
This  subject  has  been  almost  entirely  neglected.  Great  attention 
has  been  paid  to  throwing  the  light  below  the  horizontal,  but 
little  to  the  non-uniformity  of  horizontal  distribution.  The  illumi- 
nating engineer  should  see  that  the  light  is  thrown  up  and  down 
the  street  and  not  directly  across  the  street  or  into  vacant  lots. 

In  the  City  of  Washington,  a  great  deal  of  difficulty  was  en- 
countered with  the  ordinary  clear  lantern  there  in  avoiding 
breakage,  due  to  the  throwing  of  stones  at  the  lanterns  by  small 
boys.  When  a  change  was  made  to  a  boules^ard  type  of  lantern, 
the  difficulty  almost  vanished,  probably  due  to  the  fact  that  the 
small  boy  thought  it  was  more  expensive  and  considered  that 
there  was  more  danger  of  his  being  caught  if  he  broke  one  of 
the  boulevard  type  of  lanterns. 

Mr.  Robert  McCreery: — The  best  examples  of  ornamental 
street  lighting  fixtures  I  have  seen  are  those  on  Atlantic  Avenue 
at  Atlantic  City,  where  clusters  of  tungsten  lamps  are  used. 
There  are  four  clusters  on  each  side  of  the  street,  with  four  in 
a  cluster,  about  20  feet  high.  At  the  corner  of  the  intersect- 
ing streets  use  is  made  of  a  much  higher  pole  with  an  arc  lamp 
on  top,  and  eight  tungsten  lamps  on  each  side  of  the  pole.  These 
lamps  illuminate  the  streets  in  a  most  excellent  manner. 

Mr.  J.  B.  Woodwell: — Mr.  Owens  mentioned  the  use  of  opal 
shades  on  street  lamps.  I  think  that  it  is  necessary  to  cut  down 
the  intrinsic  brightness  of  the  light  sources,  but  inadvisable  to 
project  the  light  up  and  down  the  street.  It  is  more  desirable 
to  place  a  larger  number  of  units  on  the  street,  and  to  direct  the 
light  more  in  a  downward  direction,  so  as  to  relieve  the  visual 
strain  occasioned  by  an  intensely  bright  light  source  in  the  field 
of  view. 

Those  who  have  seen  the  lighting  of  the  Connecticut  Avenue 
bridge  at  Washington  will  bear  me  out  in  the  statement  that 
it  is  an  example  of  successful  street  lighting,  inasmuch  as  the 
roadway  is  fairly  uniformly  lighted  and  the  sources  are  of  very 
low  intrinsic  brightness.  In  this  particular  instance  use  is  made 
of  Nernst  lamps,  which  of  course  give  a  strong  downward  dis- 
tribution of  light,  and  the  globes  are  of  dense  opal  glass,  which 
reduces  the  intrinsic  brightness  to  a  very  low  value,  perhaps 
lower  than  heretofore  attempted.     The  result,  in  my  opinion,  is 
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eminently  successful  and  indicates  what  can  be  accomplished 
by  that  particular  method. 

President  Bell: — The  Chair  may  incidentally  remark  that  the 
Nernst  lamps  used  abroad,  which  are  not  very  numerous,  but  are 
found  freely  in  certain  localities,  are  usually  of  the  comparatively 
early  type  with  the  vertical  glower.  The  result,  of  course,  is  an 
illumination  which  is  very  largely  in  a  horizontal  direction. 

R.   S.   Hale: — (By   letter).     In  Vienna   in   the   public  parks 


Vienna  I,amp  Post. 

and  in  the  Ringstrasse  which  is  more  or  less  of  a  park,  the  city 
has  provided  some  very  handsome  lamp  poles.  These  differ 
from  any  in  use  in  America,  being  much  higher  than  those  em- 
ployed here  for  arc  lamps.  The  lamps  are  placed  from  lo  to  12 
meters  from  the  ground,  thereby  affording  a  much  better  illumi- 
nation. 

These  poles  are  of  Muesmann  rolled  steel  and  are  provided 
with  a  flower  box  about  half  way  up,  which  is  filled  from  time 
to  time  with  flowers  just  like  a  window  box,  the  effect  being 
very  beautiful,  as  noted  in  the  accompanying  illustration. 

The  Boston  Edison  Company  has  just  ordered  two  of  these 
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poles  with  flower  boxes,  for  installation  in  one  of  the  Boston 
parks. 

Mr.  H.  Thurston  Owens : — I  can  answer  Mr.  Hare's  remarks 
regarding  the  position  of  the  gas  interests  in  this  country  by  stat- 
ing that  the  mantle  gas  lamp  has  the  field  today  for  residence 
street  lighting,  but  not  for  the  ornamental  lighting.  If  there  are 
any  ornamental  street  lamps  in  which  gas  is  the  illuminant,  I 
should  like  very  much  to  hear  about  them. 

Mr.  Bond's  remarks  about  the  colors  of  the  house  are  very 
true.  In  Paris,  where  excellent  reflection  is  obtained  from  the 
gray  and  white  buildings  most  of  which  are  of  concrete,  the 
results  are  better  than  in  America. 

Mr.  Lansingh's  remarks  regarding  the  small  boy  are  very 
true.  As  stated  in  the  paper,  as  the  appearance  improves,  the 
wilful  destruction  decreases  rapidly — more  so  than  is  generally 
realized. 

In  reply  to  the  written  discussion  from  Mr.  Hale,  I  may  say 
that  any  ornamental  installations  should  be  welcomed,  but  the 
tendency  abroad  of  placing  lamps  from  33  to  39  feet  high  such 
as  the  ones  mentioned  is  a  step  in  the  wrong  direction.  A  height 
of  20  feet  for  regular  lighting,  and  25  feet  for  special  poles  in 
large  squares,  seems  to  be  about  the  maximum  unless  the  desire 
is  to  illuminate  the  heavens. 


THE    RELATION     BETWEEN    CANDLE-POWER    AND 
VOLTAGE   OF  f  DIFFERENT  TYPES  OF  IN- 
CANDESCENT LAMPS' 


BY  F.   E.   CADY. 


One  of  the  most  important  relations  governing  incandescent 
lamps  is  that  between  voltage  and  candle-power.  In  the  early- 
days  of  poor  voltage  regulation  this  was  evident  even  to  the 
unskilled  eye.  At  the  present  time  while  a  good  system  may 
have  voltage  changes  large  enough  to  have  an  appreciable  effect  on 
the  life  of  lamps,  they  are  generally  too  small  to  affect  the 
candle-power  to  a  noticeable  extent.  It  is  not  the  purpose  of 
this  paper  to  deal  with  this  relation  in  its  commercial  aspect, 
but  rather  to  discuss  its  scientific  and  technical  purport,  to 
study  the  equation  which  represents  it,  and  to  present  an  easy 
method  of  applying  it  in  computing  the  changes  in  candle-power 
corresponding  to  different  finite  changes  in  voltage. 

Early  work  on  this  subject  was  devoted  more  to  a  study  of 
the  relation  of  candle-power  to  watts  input  than  to  that  of  volt- 
age. In  1880,  the  very  year  in  which  Edison's  "cardboard" 
lamp  was  produced,  investigations  were  made^  by  Prof.  Row- 
land and  by  Henry  Morton.^  In  the  following  year  Sir  Wm. 
Thomson  made  some  rough  tests*  to  determine  the  illuminating 
power  of  some  incandescent  lamps  over  a  wide  range  of  voltage. 

The   first   elaborate   research   seems   to   have   been  made  by 

/V  \^ 
Jamieson^  who  suggested   the    equation  I  =    \A~j  '  I  being  the 

candle-power,  V  the  volts,  and  A  a  constant,  as  representing 
the  curve  of  candle-power  and  voltage.  He  was  followed 
by  Dr.  Voit^  who  utilized  the  large  number  of  tests  made  at 
the  Munich  Exposition,  and  concluded  that  I  =  a  E^  E  being 
the  watts  and  a  a  constant,  gave  the  best  agreement  with  the 

^  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 
2  The  London  Electrician,  4,  1880;  p.  271. 
<•  Philosophical  Magazine,  July  1880. 
4  British  Association  Report,  1881;  p.  559. 
^  Jout .  Soc.  Tel.  Eng.  and  Electricians,  42,  1882. 
*^  La  Lumih  e  Electrique,  X;  p.  87. 
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data  on  candle-power  and  watts.  In  a  paper  on  "The  Charact- 
eristic Curves  and  Surfaces  of  Incandescent  Lamps"\  Dr.  Flem- 
ing states  that  the  candle-power  varies  as  the  sixth  power  of  the 
voltage.  Palaz,  in  his  "Industrial  Photometry"  p.  212,  con- 
cludes that  the  luminous  intensity  of  an  incandescent  lamp  is 
given  by  the  sum  of  two  terms,  one  of  which  is  proportional  to 
the  watts  consumed  in  the  lamp,  and  the  other  to  the  third 
power  of  this  value  of  watts. 

Ferguson  and  Centre^  give  the  equations  J  =  a  12.^,  1  ^=  d  V^'^. 
Ayrton  and  Medley^  give  J  =  a  E'^■^  and  I  =  d  V^*^^  as  the 
results  of  tests  on  some  8-cp.  lamps  which  had  been  in  use  for 
from  200  to  300  hours.  In  his  "Photometrical  Measurements", 
p.  181,  Prof.  Stine  comments  on  the  apparent  disagreement  of 
filaments  under  any  one  set  of  conditions,  and  ascribes  this  to 
the  physical  nature  of  the  carbon. 

All  of  the  above  references  concern  carbon-filament  incandes- 
cent lamps,  but,  in  general,  information  as  to  whether  the 
filaments  were  treated  or  untreated  is  lacking. 

The  introduction  of  the  new  type  of  metallic  filament  lamp  and 
the  effort  to  compare  its  efficiency  and  life  with  that  of  the  car- 
bon lamp  has  brought  up  again  the  question  of  the  relation  of 
candle-power  to  voltage  and  watts.  Prof.  Lombardi  published 
some  data*  showing  the  change  in  candle-power  and  watts  with 
change  in  voltage,  of  two  osmium  lamps.  Blau"*  found  for  a 
carbon  lamp  an  80  per  cent,  increase  in  candle-power  for  a  ten 
per  cent,  increase  in  voltage.  For  an  osmium  lamp  at  1.88  watts 
per  mean  spherical  candle  he  found  40  per  cent,  increase  in 
candle-power  for  10  per  cent,  increase  in  voltage.  From  these 
data  there  would  be  for  the  carbon  lamp  I  00  V^*^  and  for  the 
osmium  lamp  IcoV^■^  In  some  tests  on  tantalum  lamps  by 
Prof.  Ambler,*'  the  results  for  a  carbon  lamp  at  3.76  watts  per 
mean  spherical  candle  gave  I  00  V^*^,  and  for  a  tantalum  lamp  at 
2.1  watts  per  mean  spherical  candle,  I  00  V^"^  Data  have  been 
published  also  by  Dr.  Sharp'^  and  by  Dr.  Fleming,  J.  T.  Morris 

1  The  lyondoii  Electrician,  14,  1885;  p.  418. 

2  Technolofry  Quarterly,  1891;  p.  147. 

'f  Philosophical  Magazine,  39,  1895;  p.  421. 
*  Electrotechnische  Zeitschrift,  25,  1904,  p.  41. 
&  The  IfOndon  Electrician,  54,  1905  ;  p.  799. 
<"  The  lyondon  Electrician,  55,  1905  p.  941. 
^  The  London  Electrician,  58,  1907  ;  p.  602. 
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and  Prof.  Kapp.^  In  Bulletiyi  No.  19,  of  the  University  of  Illinois, 
T.  H.  Amrine,  gives  some  results  on  a  carbon,  a  graphitized  and 
a  tantalum  lamp. 

In  nearly  all  of  the  above  cases  the  specific  consumption  at 
which  the  lamps  were  operating  when  the  data  for  the  expo- 
nents were  obtained  is  not  stated,  and  for  reasons  which  will 
appear  later,  it  is  not  possible  to  compare  the  results  adequately. 
In  a  paper  on  the  effect  of  change  of  voltage  on  the  candle-power 
of  glow  lamps^  by  F.  Hirschauer,  values  of  the  exponent  are 
given  for  a  number  of  different  types  of  lamps.  The  author, 
however,  draws  some  conclusions  directly  at  variance  with  those 
of  this  paper,  and  moreover,  the  data  as  in  most  of  the  other 
published  experiments,  are  not  sufficiently  complete  to  warrant 
comparison. 

As  noted  above,  the  candle-power  voltage  and  candle-power 
wattage  relations  are  ordinarily  expressed  by  equations  of  the 
form  I  =  dM^  and  I  =  a'E"^',  where  I  is  the  candle-power,  V  the 
voltage,  K  the  watts,  and  a,  a' ,  k,  k'  are  constants.  The  values  of 
the  constants  have  usually  been  obtained  from  curves  made  by 
finding  the  candle-power  and  watts  corresponding  to  successive 
voltages.  Knowing  these  constants,  the  candle-power  at  any 
voltage,  or  wattage,  may  be  calculated. 

If  two  lamps  have  the  same  candle-power  at  different  voltages, 
k  being  the  same,  the  value  of  a  will  be  different  in  the  two 
cases.  If  used,  therefore,  a  must  be  determined  for  ever)''  indi- 
vidual lamp.  This  would  obviously  be  a  laborious  process.  To 
evaluate  a  the  candle-power  must  be  measured  at  two  or  more 
voltages.  If,  however,  the  candle-power  of  a  lamp  is  known  at 
one  voltage,  its  candle-power  may  be  calculated  at  another  volt- 
age, provided  one  knows  how  much  change  in  candle-power  is 
produced  by  the  given  change  in  voltage. 

The  percentage  change  in  candle-power  when  the  voltage  is 
changed  by  one  or  more  per  cent,  depends  upon  the  value  of  k. 
If  the  percentage  change  in  voltage  is  small  enough,  the  percent- 
age change  in  candle-power  can  be  taken  as  k  times  the  percent- 
age change  in  voltage.  Thus  taking  the  derivative  of  the 
equation  I  =  aV^  we  have 

1  The  lyondon  Electrician,  58,  1907  ;  523. 

2  Electrotechnische  Zeitschtift,  January  30,  1908. 
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dl  = 

-akV 

ividing  by  I  = 

=  aV^ 

dl 
I 

V  ' 

ot  the  percentage  candle-power  change,  -^r-,  corresponding  to  an 
infinitesimal  voltage  change,  dY,  is  y^  times  the  percentage 
change  in  voltage  ^^  .  The  exponent  k  will  be  called  the  infinite- 
simal coefficient,  since  the  percentage  change  in  candle-power  is 
obtained  by  multiplying  the  percentage  change  in  voltage  by  the 
coefficient  k  when  the  change  in  voltage  is  small.  As  the  change 
in  voltage  becomes  larger,  the  exponent  k  can  no  longer  be  em- 
ployed as  a  coefficient,  the  error  increasing  as  the  change  in 
voltage  becomes  greater  and  greater. 

If  the  value  of  the  exponent  k  is  known  over  the  range  of 
voltage  to  be  employed,  of  course  the  candle-power  at  any  other 
voltage  can  be  computed  from  the  candle-power  at  any  given 
voltage  by  direct  application  of  the  characteristic  equation 
I  :=  aY^ .  Thus  if  at  voltage  V^  the  candle-power  is  1^,  the 
value  of    Ir    at    any   other   voltage   V^    is   seen  at   once   to  be 

fYr\^ 

I^  =  (  ~  )    I^.      Inasmuch  as  this  equation,  involving  the  use  of 

logarithms,  is  frequently  not  as  convenient  to  use  as  a  simple 
coefficient,  the  following  method  has  been  employed  to  determine 
for  any  finite  voltage  change,  a  finite  coefficient  K,  which,  when 

multiplied  by  the  finite  percentage  change  in  voltage  — - — -" 
gives  the  percentage  change  in  candle-power    -     — \  According 


to  this  definition 
I. -L 


K=: 


V.-V. 


(i)-     (?:) 


t 


{i-)-~m 


V.  \v./  vv 


where  7  =  — -.     The  value  of  K   depends  both  on  k  and  on  the 
ratio  of  the  voltages  7. 
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In  other  words  there  is  now  obtained  a  relation  such  that  if 
the  infinitesimal  coefficient  is  known  one  can  find  the  change  in 
candle-power  for  any  finite  change  in  voltage  over  which  the 
value  of  k  holds.  Or  conversely,  if  the  change  in  candle-power 
produced  by  a  given  finite  change  in  voltage  is  known  one  can 
determine  the  infinitesimal  coefficient  which  holds  over  that 
range. 

Assign  to  k  the  values  i,  2,  3,  4,  etc.  and  for  each  value  of  k 

take  a  succession  of    values  of  ^  and  calculate  K.     The  result 
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VALUES  OF^x 
Fig.  I. — Values  for  K  for  Different  Values  of  V^  -^  V^  . 

will  be  a  series  of  values  of  K  corresponding  to  each  given  value 
of  k,  and  these  can  be  plotted  in  the  form  of  a  curve  with  values 

of  ;^as  abscissae,  and  values  of  K  as  ordinates.     There  will  be 
a  separate  curve  for  each  k,  and  in  each  case  where  =—=:  i,  K  = 

»  o 

k.     Fig.  I  shows  such  a  series  of  curves  for  different  values  of  k 
from   /^  =:  I  to  /^  =  8  where  ^^-    varies  from  0.80  to  1.20,   and 

Table  i  gives  the  data  from  which  the  curves  were  plotted. 
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TABLE  I~Vai.ues  OF  K  for  Different  Values  of 


^  =  2 


WHEN  ^  =^  2,   3,   4,    ETC. 


k  =  4 


k  =  6 


V. 


k  =  8 


0.80 

1.800 

2.440 

2.952 

3.362 

3.689 

3.951 

4.T61 

0.81 

1.810 

2.466 

2.998 

3.428 

3.777 

4.059 

4.288 

0.82 

1.820 

2.492 

3-044 

3.496 

3.867 

4.171 

4.420 

0.83 

1.830 

2.519 

3.091 

3.565 

3-959 

4.286 

4.558 

0.84 

1.840 

2.546 

3.138 

3.636 

4-054 

4.406 

4.701 

0.85 

1.850 

2.572 

3-187 

3.709 

4-152 

4.530 

4.850 

0.86 

1.860 

2.600 

3-236 

3-783 

4.253 

4.658 

5.006 

0.87 

1.870 

2-627 

3-285 

3-853 

4.357 

4.790 

5-168 

0.88 

1.880 

2.654 

3-336 

3-936 

4.463 

4.928 

5.336 

0.89 

1.890 

2.682 

3.387 

4.014 

4.573 

5.070 

5.512 

0.90 

1.900 

2.710 

3-439 

4.095 

4.686 

5-217 

5.605 

0.91 

1. 910 

2.738 

3-492 

4.177 

4.801 

5.369 

5.886 

0.92 

1.920 

2.766 

3-545 

4.262 

4.921 

5.527 

6.085 

0.93 

1.930 

2.795 

3-599 

4.347 

5.043 

5.690 

6.292 

0.94 

1.940 

2.824 

3.654 

4.435 

5.169 

5.859 

6.507 

0-95 

1.950 

2.852 

3.710 

4.524 

5.298 

6.033 

6.732 

0.96 

1.960 

2.882 

3.766 

4.616 

5-431 

6.214 

6.965 

"•97 

1.970 

2. 911 

3.824 

4-709 

5.568 

6.400 

7.208 

0.98 

1.980 

2.940 

3.882 

4.804 

5.708 

6.594 

7.462 

0.99 

1.990 

2.970 

3-940 

4.901 

5.852 

6.794 

7.726 

I. GO 

2.000 

3.000 

4.000 

5.000 

6.000 

7.000 

8.000 

1. 01 

2.010 

3-030 

4.060 

5.101 

6.152 

7.214 

8.286 

1.02 

2.020 

3.060 

4.121 

5-203 

6.307 

7.433 

8.582 

1.03 

2.030 

3.091 

4.184 

5.310 

6.469 

7.663 

8.893 

1.04 

2.040 

3.122 

4.247 

5-417 

6.634 

7.899 

9-215 

1.05 

2.050 

3.152 

4.310 

5-526 

6.802 

8.142 

9-549 

1.06 

2.060 

3.184 

4-375 

5-637 

6.975 

8.394 

9.898 

1.07 

2.070 

3-215 

4-440 

5-751 

7.153 

8.654 

10.260 

1.08 

2.080 

3.246 

4.506 

5.866 

7.335 

8.922 

10.636 

1.09 

2.090 

3278 

4-573 

5-985 

7.524 

9.201 

11.029 

1. 10 

2.100 

3-310 

4.641 

6.105 

7.715 

9.486 

11.435 

I. II 

2. no 

3-342 

4.710 

6.228 

7.913 

9-783 

1 1 .859 

I.IJ 

2.120 

3-374 

4-779 

6.353 

8.115 

10.089 

12.300 

1. 13 

2.130 

3-407 

4.850 

6.480 

8.322 

10.464 

12.757 

1. 14 

2.140 

3-440 

4.921 

6.610 

8.535 

ro.730 

13.232 

I-I5 

2.150 

3-473 

4-994 

6.743 

8.754 

11.067 

13.727 

1. 16 

2.160 

3506 

5.067 

6.878 

8.978 

11.414 

1 4. 240 

1. 17 

2.170 

3-539 

5-Mi 

7.015 

9.208 

11.773 

14.774 

1. 18 

2.180 

3572 

5-215 

7.154 

9.442 

12.142 

15.327 

1. 19 

2.190 

3.606 

5  291 

7.296 

9.682 

12,522 

15.901 

1.20 

2.200 

3.640 

5-368 

7.442 

9.930 

12.916 

16.499 

I 
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The  above  curves  have  been  worked  out  on  the  assumption 
that  /^  is  a  constant.  It  is  well  to  examine  one  or  two  cases 
where  k  is  not  a  constant,   and  see   what  errors  would   arise  if 

over  a  definite  range  of  values  of  ~  use  is  made  of  the  average 
value  of  k.  As  an  illustration  assume  that  ^  =  4  for  the  inter- 
val from  —-  ^=  1    to  ;7T^  =  1. 01;   that  k  =■  a^.\   for  the  interval 

1. 01  to  1.02;  /^  =  4.2  from  1.02  to   1.03,   etc.   up  to  ~    =  i.io 

*  o 

when  I^  =  Ijj,.  If  now  I^^  be  calculated  by  getting  I^  from  I^,  I2 
from  Ij,  I3  from  I2,  etc.,  using  in  each  case  the  corresponding 
values  of  k,  the  same  value  is  obtained  to  within  a  negligible 
error  as  would  be  found  if  I^^  were  calculated  from  I^  di- 
rectly, using  for  k  the  average  of  the  values  from  k  =^  \  to  k  ^^ 
4.9  inclusive.  The  same  result  is  obtained  when  the  case 
where  k  is  made  to  vary  by  small  irregular  increments  or  decre- 
ments is  selected. 

The  curves  as  given  are  calculated  for  integral  values  of  k.  It 
is  possible  to  determine  them  for  any  intermediate  values,  but  for 
photometric  work  sufficient  accuracy  may  be  obtained  by  inter- 
polation when  the  value  of  k  lies  between  two  of  those  given. 

In  order  to  illustrate  the  practical  use  of  the  above  curves, 
take  as  an  example,  the  candle-power  of  a  tungsten  lamp 
known  to  be  40  at  no  volts,  and  find  its  candle- 
power    at  121     volts  when  its    infinitesimal  coefficient    for  this 

range  is  3.5.     Here  ~  =  i.io.     From  the  plot  for  /^  =  3,  K  = 

»   o 

3.28;  for  /^  =  4,  K  =  4.62,  therefore  for  k  =  3.5,  K  =  3.95. 
Therefore  the  percentage  change  in  candle-power  is  10x3.95  o^ 
39.5  per  cent.  Therefore  the  candle-power  at  121  volts  will  be 
40(1  +  .395)  ==  55.8. 

If  the  candle-power  is  known  at  two  voltages,  the  value  of  K 
will  be  the  percentage  change  in  candle-power  divided  by  the 
percentage  change  in  voltage.  The  value  of  k  may  then  be  de- 
termined from  the  table  or  the  curves  either  directly  or  by  inter- 
polation. In  a  recent  article^  by  M.  H.  Pecheux,  values  of  k 
are  given,  together  with  the  data  from  which  they  were  ob- 
tained, for  a  carbon,   a   tantalum,   and  a  tungsten  lamp.     The 

1  La  Luntiire  Electrtque,  May  i6,  1908. 
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values  of  k  derived  by  the  above  method,  using  these  data,  agree 
exactly  with  those  obtained  by  M.  Pecheux. 

A  study  of  previous  work  where  values  of  k  have  been  de- 
duced shows  considerable  variation  with  different  observers, 
even  with  the  same  types  of  lamps.  These  variations  may  have 
been  due  to  the  methods  used  in  obtaining  the  coefficient,  to 
actual  differences  in  the  lamps  themselves  in  the  early  stages  of 
their  manufacture,  or  to  the  fact  that  the  coefficient  is  not  a  con- 
stant but  a  function  of  the  specific  consumption,  that  is,  the 
watts  per  mean  spherical  candle. 

An  investigation  recently  carried  on  at  the  Bureau  of  Stand- 
ards with  another  purpose  in  view  ^urnishes  evidence  on  this 
point.  This  investigation  has  not  yet  been  completed,  but  the 
data  so  far  obtained  are  sufficient  to  show  that /Cms  not  a  constant, 
and  to  indicate  that  /^  is  a  function  of  the  specific  consumption. 
These  data  are  given  in  Table  II.  In  column  I  are  recorded  the  types 
of  filament.  Column  2  shows  the  individual  lamps  of  each  kind 
tested.  Above  each  of  the  remaining  columns  are  speci- 
fied the  watts  per  mean  spherical  candle  at  which  measurements 
were  made,  and  beneath  are  shown  the  values  of  k  derived  from 
these  measurements. 

TABLE  II— VAI.UKS  OF  k  FOR  Various  Lamps  at  Difffr  ent 
Watts  per  Mean  Spherical  Candi^e 

Values  of  k 
I,atnp  , 


Type  of 
filament 

Untreated  Carbon 


Treated  Carbon 


Gem 


No. 

I 
2 

3 
4 


33  w.p.c. 

8.0 
8.0 

8.1 
8.0 


8.6  w.p.c. 
7.0 

7-1 
7.0 

7.1 


3.6  w.p.c. 

6.5 
6.3 
6.4 
6.4 


mean       8.02  7.05  6.40 

31  w.p.c.    8.0  w.p.c.    3.5  w.p.c.    1.9  w.p.c. 


mean 


6.9 
6.9 
7.0 
6.9 
7.0 

6.94 
31  w.p.c. 

6.r 
6.2 
6.0 
6.1 


6.0 

5-9 
6.1 

5.85 


5.97 
.3  w.p.c. 

5.4 

5-5 

5-2 

5-3 


5-4 
5-2 
5.4 
5-4 
5.6 

540 
3.5  w.p.c. 

4-9 
4-9 
4.9 
4-9 


5.0 
5.00 


mean 


6.10 


5-35 


4.90 
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TABLE  II. 


Type  of 
filament 


Tantalum 


lyaniD 
No." 


-{Continued ). 

Values  of  k 


33  w.p.c.    8.6  w. p. c.     3.6  w. p. c. 
26  w.p.c    7.4  w.p.c.     3.3  w.p.c.     1.7  w^. p. c. 


5-2 

5.1 
5.1 
5.1 
5.0 
5.0 


4.6 

4.4 
4.6 

4.4 
4.5 
4.5 


4.3 
4.2 
4.2 
4.0 
4.1 
4.1 


mean 


Osmium 


5.10  4.50  4.15 

18  w.p.c    5.5  w.p.c.     2.6  w.p.c. 


3.8 

4.0 

3-9 


Tungsten 


I 

4-7 

4.2 

2 

4.7 

4.1 

3-9 

mean       4.7 

4.15 

3-9 

22  w.p.c. 

6.3  w.p.c. 

2.9  w.p.c. 

1.6  w.p.c. 

1.3  w.p.c, 

I 

4.5 

4.1 

3.9 

2 

4.6 

4.0 

3.8 

3.7 

3 

4.6 

4.2 

3.8 

3.6 

4 

4.2 

3.7 

3-5 

5 

4.2 

3.6 

3-4 

6 

4.1 

3-6 

3.5 

mean 


4-57 


4.13 


3.83 


3.64 


3-47 


It  will  be  noticed  that  measurements  of  different  types  were 
not  made  at  exactly  the  same  watts  per  mean  spherical  candle, 
and  that  there  is  a  large  interval  between  the  first  and  second 
specific  consumptions.  Furthermore,  values  are  not  given  for 
every  lamp  at  each  specific  consumption.  All  of  these  deficien- 
cies are  due  to  the  fact  above  mentioned  that  the  data  are  taken 
from  a  research  which  has  been  carried  on  for  another  purpose. 
Nevertheless  the  data  are  sufficient  to  permit  of  quite  definite 
conclusions  as  to  the  relations  between  k  and  the  specific  con- 
sumption. 

A  study  of  this  table  shows  first  that  lamps  of  the  same  kind  have 
thi  same  infinitesimal  coefficient  k  when  operated  at  the  same 
watts  per  mean  spherical  candle.  Secondly,  that  the  infinites- 
imal coefficient  decreases  as  the  watts  per  mean  spherical  candle 
decrease.  Thirdly,  the  change  in  the  coefficient  is  not  large  for 
a  considerable  change  in  specific  consumption,  of  which  the  slope 
of  the  curves  shown  later  is  evidence.  Fourthly,  at  approxi- 
mately the  same  watts  per  mean  spherical  candle  the  coefficient 
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is  different  for  lamps  of  different  kinds  of  filament,  decreas- 
ing from  low- efficiency  lamps  to  those  of  higher  efficiency. 
These  facts  may  be  seen  also  by  examining  of  Fig,  2.  which  is 
a  plot  of  the  mean  values  given  in  Table  II. 

It  it  evidently  possible  to  determine  with  fair  accuracy  the 
value  of  k  corresponding  to  any  desired  watts  per  mean  spherical 
candle  within  the  range,  even  though  the  points  lie  compara- 
tively far  apart,  for  the  reason  that  the  slope  of  the  curves  is  so 
slight.  Thus  the  values  of  k  for  the  different  types  at  the  watts 
per  mean  horizontal  candle  at  which  they  are  ordinarily  used  have 
been  derived  by  interpolation  and  are  given  in  Table  III.  The 
corresponding  watts  per  mean  spherical  candle  are  given  in  the 
third  column.     They  were  derived  from  the  values  in  column  2, 
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VAljiiATION  OF  k  WITH  CHJANGE  IN 
WATTS  PER  MEAN  SPHERICAL  CAr^iDLE 


Untreated  Carbon, 


iA- 

Ll. 

O 

D 
_l 


10         12        14         IG         18        20         22        24         26         28        30         32 
WATTS  PER  vIEAN  SPHERICAL  CANDLE 

Fig.  2. — Variation  of  k  with  Chatige  in  Specific  Consumption. 

by  assuming  reduction  factors  of  0.825  for  the  carbon  and  0.80 
for  the  other  lamps. 

TABLE  III— Vai^ues  of  k  for  Different  Fii^aments  at 
Ordinary  Specific  Consumption 


Type  of 

Watts  per  Mean 

Watts  per  Mean 

Filament 

Horizontal  Candle 

Spherical  Candle 

k. 

Untreated  Carbon 

4.0 

4.85 

6.6 

Treated  Carbon 

3-1 

3-76 

5-4 

Gem 

2.5 

3.12 

4.8 

Tantalum 

2.0 

2.5 

4.0 

Osmium 

1.5 

1.85 

3.8 

Tungsten 

1.25 

1.56 

3.6 

The  values  obtained  by  M.  Pechaux^®  for  the  tantalum  lamp,  that 
is  /^  =  3.9  at  approximately  1.8  watts  per  mean  spherical  candle  ; 
and  for  the  tungsten  lamp,  k=^  3.4  at  approximately   1.2  watts 


16  Loc.  cit. 
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per  mean  spherical  candle  agree  very  well  with  the  values  given 
in  Table  II. 

In  order  to  further  test  the  constancy  of  k  for  lamps  of  the 
same  kind  of  filament  when  at  the  same  specific  consumption,  a 
number  of  tungsten  lamps  of  different  makes  were  photoni- 
etered  with  this  end  in  view.  The  results  are  given  in  Table 
IV.  To  the  above  results  have  been  appended  values  deduced 
from  data  previously  obtained  at  difierent  times  on  other  tung- 
sten lamps. 

TABLE  IV  -Vai^ues  of  k  for  Different  Tungsten  Lamps  at 
ApproximateIvY  1.56  Watts  per  Mean  Spherical  Candle 

Type  Lamp  No.  k. 

I  3-7 


Just 


2  3-6 

3  3-7 

4  3-6 

5  3-6 

6  3.7-'- 


Sirius  Colloid 


1  3.6 

2  3.6 

3  3-6 

4  3-6 

5  3.6 

6  3-5''' 

7  3.6* 

8  3  5^- 


General  Electric 


1  3-6 

2  3.6 

3  3-7 

4  3-6 


Columbia 


1  3.6 

2  3.6 


I  3.7^ 

Kuzel  2  3.8* 

3  3-7* 

Values  marked  *  were  taken  from  data  not  obtained  for  this  special  purpose. 

It  may  be  said  in  reference  to  the  slight  differences  that  appear, 
that  it  is  necessary  in  making  an  accurate  determination  of  k  to 
observe  the  candle-power  readings  with  the  greatest  care  ;  it  is 
evident  that  if  the  range  in  candle-power  is,  say,  only  10  or  15 
per  cent.,  a  slight  error  in  reading  the  candle-power  at  either 
voltage  will  make  a  relatively  large  error  in  k.     For  instance,  if 
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the  range  in  candle-power  is  lo  per  cent.,  an  error  of  only  0.5 
per  cent,  in  one  candle-power  reading  will  make  a  5  per  cent, 
error  in  k. 

A  method  for  determining  k,  through  the  percentage  change  in 
candle-power  produced  by  a  given  percentage  change  in  voltage, 
which  has  given  very  satisfactory  results  is  as  follows  :  Choose 
a  range  of  voltage  which  will  give  from  30  to  40  percent,  change 
in  candle-power.  Measure  the  candle-power  successively  at  the 
lower  voltage,  then  at  the  higher  voltage,  at  the  lower  voltage 
again,  at  the  higher,  and  finally  again  at  the  lower.  This  gives 
five  sets  of  candle-power  readings.  The  difiference  between  the 
second  set  and  the  mean  of  the  first  and  third  sets,  divided  by  the 
mean  of  the  first  and  third  sets,  gives  one  value  of  percentage 
candle-power  change.  The  difference  between  the  fourth  set 
and  the  mean  of  the  third  and  fifth  sets,  divided  by  the  mean  of 


1.0       1.5        2.0       2.5        3.0       3.5 

Watts  pel-  IMean  Spherical  Candle 
Fig.  3. — Variation  of  k  with  Change  in  Specific  Consumption. 

the  third  and  fifth  sets,  gives  another  value  of  the  percentage 
candle-power  change.  The  mean  of  the  two  values  of  percent- 
age candle-power  change  is  then  taken  as  the  candle-power 
change  corresponding  to  the  given  percentage  voltage  change. 
The  ratio  of  the  percentage  change  in  candle-power  to  the  per- 
centage change  in  voltage  is  the  finite  coefficient  K.  The  value 
of  the  infinitesimal  coefficient  k  is  then  determined  by  the  method 
outlined  in  a  previous  paragraph. 

Figure  3  shows  some  results  on  a  Sirius  tungsten  lamp  at 
higher  watts  per  mean  spherical  candle  than  most  of  those  given 
in  Fig.  2.  The  slope  of  the  curve  is  quite  definite.  Table  V 
gives  some  values  of  k  obtained  with  some  32  c.  p.  treated 
carbon  filament  lamps.  These  lamps  were  tested  for  another 
purpose,  the  data,  however,  permitting  of   the  determination  of 


cady:  candi,e-power  and  voi^tage  471 

the  value  of  k.     As  will  be  seen,  the  agreement  with  values  cal 
culated  from  Fig.  2,  is  very  good. 

TABLE  V— VAI.UES  OF  k  for  somf  32— cp  Carbon  Lamps 


imp 

Watts    per 
Spherical  < 

Mean 
handle 

k. 

k. 
Calculated 
from  Plot 

I 

3-9 

5.5 

5.4 

2 

3-9 

5.5 

5.4 

3 

4.0 

5.5 

5.5 

4 

3-9 

5.4 

5.4 

While  it  would  be  highly  desirable  to  get  more  of  accurate  data 
on  the  various  types  of  lamps  photometered,  and  on  others,  and 
more  especially  on  a  large  number  of  lamps  of  each  kind  from 
different  makers,  yet  it  is  believed  that  the  above  results  estab- 
lish conclusively  the  following  facts  : 

That  the  exponent  for  change  of  candle-power  with  change  of 
voltage  is  not  a  constant  but  a  function  of  the  watts  per  mean 
spherical  candle  ;  that  this  exponent  is  different  for  different 
types  of  filament,  but  probably  very  closely  the  same  for  lamps 
of  the  same  type  of  filament  when  operated  at  the  same  watts 
per  mean  spherical  candle  ;  that  the  value  of  the  exponent  de- 
creases as  the  watts  per  mean  spherical  candle  decrease. 

It  follows  therefore  that  an  equation  of  the  form  I  =  ^  V^ 
where  a  and  k  are  constants  does  not  represent  accurately  the 
data  for  filaments  of  any  material.  The  equation  must  have  two 
or  more  terms,  and  an  effort  should  be  made  to  find  the  forms 
and  constants  of  the  equations  for  various  kinds  of  filaments. 

It  had  been  intended  to  incorporate  in  the  above  discussion 
the  relation  between  candle-power  and  watts,  together  with  a 
determination  of  the  actual  equations  representing  both  this  re- 
lation and  that  between  candle-power  and  volts.  Though  lack 
of  time  prevented  this,  it  is  hoped  that  the  work  may  be  com- 
pleted in  the  near  future. 

It  may  be  well  to  note  that  the  data  of  Table  I  may  be  used  in 
the  study  of  any  phenomenon  represented  by  an  equation  of  the 
type  X  =  ay'' . 

The  writer  desires  to  acknowledge  his  indebtedness  to  Dr.  H. 
P.  Hyde  for  many  valuable  suggestions,  and  to  thank  him  and 
other  members  of  the  photometric  section  of  the  Bureau  of 
Standards  for  assistance  in  preparing  this  paper. 
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DISCUSSION. 

Mr.  Preston  S.  Millar: — I  was  somewhat  startled  in  reading- 
the  paper  to  learn  that  in  the  case  of  the  treated  carbon-filament 
lamps  the  exponent  (which  when  applied  to  the  change  in  volt- 
age, shows  the  change  in  candle-power)  varies  considerably 
throughout  that  range  in  volts  encountered  in  practical  photo- 
metric and  lighting  work. 

The  question  at  once  arises — what  error  would  be  encountered 
if  one  were  to  adopt  the  best  constant  exponent  and  use  it  to 
compute  variations  in  candle-power  from  that  yielded  by  the  lamp 
when  operated  at  a  specific  consumption  of  3.1  watts  per  mean 
horizontal  candle-power?  My  impression — and  I  regret  that  at 
this  time  it  is  only  an  impression — is  that  the  error  so  encountered 
would  be  very  small  throughout  a  range  of  from  16  to  10  candle- 
power,  and  that  for  all  practical  purposes  such  error  would  be 
quite  negligible.  In  fact,  it  would  be  so  small  that  if  the  test 
were  conducted  under  different  conditions  and  by  using  different 
photometers  differences  of  equal  magnitude  might  be  encountered 
in  experimental  results. 

I  regret  very  much  that  the  author  has  not  seen  fit  to  state 
the  experimental  results  and  the  conditions  and  methods  of  test 
under  which  they  were  obtained.  Since  for  approximation  work 
throughout  such  a  range  as  that  indicated  above  it  has  been 
considered  that  a  constant  exponent  might  be  used,  the  results 
brought  out  in  this  paper  are  extremely  interesting  and  have 
a  practical  bearing  which  cannot  well  be  ignored.  Scientifically, 
they  are  interesting  but  in  neglecting  to  state  their  practical 
application  the  ciuthor  leaves  us  in  the  dark  as  to  one  phase  of 
the  question  in  which  the  members  of  this  Society  are  particularly 
interested.  I  wish  that  Mr.  Cady  would  tell  us  something  about 
the  conditions  under  which  the  tests  were  made  and  the  magni- 
tude of  the  errors  which  would  be  encountered  by  using  the  best 
constant  exponent  throughout  a  limited  range  of  variation  in 
volts. 

Dr.  A.  S.  McAllister: — The  value  of  the  exponent  given  in  the 
paper  has  reference  to  the  change  in  candle-power  with  the  volt- 
age, not  with  the  watts.  Now,  the  candle-power  depends  on  the 
watts  and  the  temperature,  while  the  voltage  which  produces 
the  watts  will  depend  on  the  specific  resistance  of  the  material. 


DISCUSSION  473 

which  varies  with  the  temperature.  The  untreated  carbon,  which 
has  the  highest  exponent,  has  a  negative  resistance-temperature 
coefficient,  so  that  as  the  voltage  increases  the  resistance  of  the 
filament  decreases.  The  tungsten  lamp,  on  the  other  hand  has 
a  low  exponent;  moreover,  the  resistance  of  tungsten  increases 
with  the  voltage.  It  seems,  therefore,  that  the  change  in  the 
resistivity  with  the  temperature  must  have  a  considerable  effect 
on  the  value  of  the  exponent.  Is  not  the  difference  in  the  values 
of  the  exponents  for  the  various  lamps  due  more  to  the  differ- 
ences in  the  resistance-temperature  coefficients  than  to  any 
change  in  the  specific  consumption  at  which  the  filaments  are 
usually  operated? 

Dr.  Clayton  H.  Sharp : — Can  Mr.  Cady  state  what  effect  the 
change  in  the  exponent  has  upon  the  values  determined  for  the 
candle-power?  What  is  the  significance  of  a  lo  per  cent.,  5 
per  cent,  or  a  2  per  cent,  change  in  the  exponent  as  far  as  the 
shape  of  the  cp. -voltage  curve  is  concerned  ? 

Dr.  B.  P.  Hyde : — One  very  interesting  result  of  these  experi- 
ments is  the  uniformity  in  the  shapes  of  the  curves ;  all  of  them 
run  in  approximately  the  same  way.  I  think  it  is  self  evident 
that  the  form  of  the  equation  will  be  approximately  the  same 
for  the  various  types  of  lamps.  The  curves  run  approximately 
parallel,  one  with  respect  to  the  other.  This  fact  is  apparent  by 
consulting  the  different  sheets. 

Dr.  Louis  Bell: — Have  any  curves  been  derived  for  the  varia- 
tion in  candle-power  with  change  in  current? 

Mr.  Francis  B.  Cady : — In  answer  to  the  last  question  I  may 
say  that  while  such  curves  have  not  been  derived,  the  data  for 
them  are  available.  Since  the  publication  of  this  paper  I  have 
computed  the  coefficient  for  change  in  candle-power  with  change 
in  watts.  These  coefficients  show  the  same  general  characteris- 
tics as  the  ones  discussed  in  the  paper.  The  differences,  how- 
ever, between  values  for  the  different  types  when  at  the  same 
watts  per  mean  spherical  candle  are  not  as  great  as  those  between 
the  coefficients  for  change  in  candle-power  with  change  in  volt- 
age and  the  slope  of  the  curves  showing  the  change  in  the  co- 
efficient with  change  in  specific  consumption  is  not  so  great. 

In  regard  to  Mr.  Millar's  question  as  to  how  these  results  were 
obtained,    I    would   refer   to   that   portion   of  the  paper   which 
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describes  in  detail  a  method  for  obtaining  the  values  of  the  in- 
finitesimal coefficient  with  a  fairly  high  degree  of  accuracy.  As 
stated  in  the  paper,  much  of  the  data  was  obtained  from  experi- 
ments carried  on  for  another  purpose.  If  the  details  of  these 
experiments  are  desired,  I  shall  be  very  glad  to  furnish  them. 

In  regard  to  the  question  as  to  whether  the  change  in  the  co- 
efficient is  not  due  to  the  change  in  resistance,  I  am  not  yet 
prepared  to  say  what  the  cause  of  the  change  is.  The  results 
show  that  the  coefficient  is  a  function  of  the  specific  consumption, 
but  the  reason  for  this  is  another  question. 

In  reply  to  the  question  of  Mr.  Millar,  and  repeated  by  Dr. 
Sharp,  as  to  the  error  which  would  arise  if  the  values  of  the 
coefficients  given  in  the  paper  were  used  commercially,  I  should 
say  that  I  have  not  been  able  to  find  any  published  reports  of 
the  values  used  either  by  lamp  factories  or  by  testing  laboratories, 
or  of  the  methods  used  in  obtaining  them.  Not  knowing  the 
values  used  commercially,  I  am  unable  to  state  what  error  would 
arise  if  the  values  given  in  the  paper  were  used. 

I  should  like  to  emphasize  the  fact  that  it  is  the  purpose  of  the 
paper  to  show  the  laws  indicated  by  the  results  given,  rather 
than  the  actual  numerical  values  of  those  results.  In  order  to 
determine  the  numerical  values,  measurements  should  be  made 
on  a  large  number  of  lamps  of  each  type. 

Mr.  J.  T.  Marshall: — (Communicated  after  adjournment).  The 
importance  of  a  knowledge  of  the  relation  between  the  candle- 
power,  volts,  amperes,  watts,  specific  consumption  and  life  of 
incandescent  lamps  was  recognized  at  the  lamp  Works  of  the 
General  Electric  Company  at  the  very  beginning  of  lamp  manu- 
facture. It  was  found  most  convenient  to  put  the  data  in  the 
form  of  curves,  and  such  curves  were  produced  as  early  as  1881. 

The  early  method  was  to  test  the  lamps  for  volts  and  amperes 
through  a  range  of  candle-power  and  plot  the  results,  expressing 
them  in  terms  of  per  cent,  of  the  candle-power,  volts,  amperes, 
etc.,  at  the  standard  specific  consumption. 

The  candle-power  and  life  relation  was  determined  by  as- 
certaining the  lives  of  lamps  from  the  same  batch  set  up  at  differ- 
ent candle-powers.  As  long  ago  as  1884,  the  average  results 
indicated  that  the  life  of  a  carbon  lamp  varied  inversely  as  the 
3.65   power  of  the   candle-power.     This  relation  has   been   sub- 
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sequently  checked  at  intervals  of  several  years,  both  with  treated 
and  untreated  carbon  filaments  with  the  result  that  the  old 
figure  still  stands.  From  the  limited  experience  had  with  metal- 
filament  lamps,  we  are  inclined  to  believe  that  with  them  the  same 
relation  exists. 

A  photo-lithograph,  printed  March  22,  1905,  shows  for  the 
treated  oval  carbon-filament  lamp  the  relation  between  candle-pow- 
er, volts,  amperes,  watts,  specific  consumption  and  life  for  from 
two  to  six  watts  per  mean  horizontal  candle-power.  I  want  to 
call  particular  attention  to  the  fact  that  all  of  these  curves  were 
derived  from  formula  and  are  parts  of  curves  extending  from 
1^3  to  19  watts  per  candle.  Their  accuracy  for  this  particular 
type  of  lamp  has  been  verified  by  comparison  with  the  data  from 
which  they  were  derived,  and  found  to  hold  very  well  throughout 
the  whole  length  of  the  curves.  I  say  "for  this  particular  type 
of  lamp"  because,  while  the  form  of  the  equation  may  be  applied 
to  any  type  of  lamp,  and  has  actually  been  satisfactorily  applied 
to  produce  curves  for  untreated  carbon,  ''metallized"  carbon, 
tantalum,  osmium  and  tungsten  lamps,  the  constants  for  each 
type  are  different  except  that  the  constants  for  the  relation  of 
candle-power  and  watts  are  very  nearly  the  same  for  all  types 
tested.  Even  for  the  treated-carbon-filament  lamp,  the  relations 
of  candle-power,  volts  and  amperes  will  be  different,  depending 
on  the  relative  dimensions  of  the  core  and  shell,  and  for  this  rea- 
son it  will  be  well  to  describe  how  the  lamps  were  selected  for 
these  curves. 

About  1,000  oval-filaments  were  selected,  the  average  size  and 
length  being  such  as  are  used  for  16  cp.,  116  volts,  3.1  watts 
per  candle  lamps.  These  were  treated  and  made  into  lamps  and 
from  these  lamps  there  were  selected  twenty-five  that  at  16  cp. 
were  the  same  in  volts  and  nearest  3.1  watts  per  candle  in  specif- 
ic consumption.  Each  of  the  twenty-five  lamps  was  then  tested 
for  volts  and  amperes  at  seventeen  different  candle-powers  be- 
tween I  and  64.  The  results  were  averaged,  the  fundamental 
data  for  the  curve  being  obtained  from  the  averages. 

Of  course,  these  results  might  have  been  plotted  directly  on 
cross-section  paper,  but  it  is  so  difficult  to  decide  just  how  to 
draw  a  curve  through  a  series  of  experimentally  determined 
points  that  it  is  desirable,  if  possible,  to  obtain  a  formula  for 
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the  curve.  In  obtaining  the  formula,  no  consideration  was  had 
for  its  simpHcity,  because  it  was  not  expected  to  use  the  formula 
for  any  purpose  other  than  to  produce  the  curves.  The  curves 
seem  to  be  the  simplest  device  for  recording  the  information 
required. 

I  now  wish  to  show  how  these  formulas  came  to  be  chosen 
and  how  they  work  out  as  applied  to  one  particular  lot  of  typical 
Gem  lamps. 

Approximately  the  candle-power  varies  as  some  power  of  the 
volts,  amperes  or  watts,  but  only  approximately,  because  the 
exponent  varies  in  different  parts  of  the  curve.  If  the  exponent 
were  constant,  there  would  be  a  constant  difference  between  the 
successive  volt-logarithms,  corresponding  to  the  successive  pow- 
ers of  the  candle-power. 

It  was  observed  that,  while  there  was  a  varying  difference  be- 
tween the  successive  volt-logarithms,  the  difference  between 
these  differences  was  nearly  constant.  It  was,  therefore, 
not  unreasonable  to  suppose  that  the  introduction  of  a  third  differ- 
ence might  make  it  possible  to  obtain  a  formula,  which  would 
produce  a  curve  that  would  conform  very  closely  to  the  experi- 
mental curve  throughout  its  whole  length.  If  such  a  formula 
could  be  obtained,  it  would  provide  a  means  for  accurately  fixing 
all  points  of  the  curve. 

The  successive  candle-powers  can  be  arranged  in  a  series  cor- 
responding to  the  formula: 

Candle-power  =  ab'^''  ~  ^^ 
a  =■  the  first  term  of  the  candle-power  series, 
b  =  the  ratio  between  any  term  and  its  preceding  term, 
n  =  the  number  of  the  term. 

The  volt  logarithms  can  be  arranged  in  a  corresponding  series, 

according  to  the  previously  described  scheme  and  this  formula 

will  be  : 

c  d 

Ivog.  of  volts  —  a -h  <^(«— i)   H-  — («—!)(«— 2)  +—   {n-i){n—2){n—i). 

The  derivation  of  this  formula  may  be  illustrated  as  follows  : 
Below  is  a  hypothetical  table  : 
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I  2345 

I .1004  .... 

2 1007  .0003  

3 .1012  .0005  .0002  .... 

4 .1020  .0008  .0003  .0001 

5 1032  .0012  .0004  .0001 

6 -1049  .0017  .0005  .0001 

7 .1072  .0023  .0006  .0001 

Column  I  is  the  number  of  the  term  in  the  series  of  logarithms. 

Column  2  is  the  hypothetical  series  of  logarithms. 

Column  3  shows  the  difference  between  each  number  and  its  predecessor 
in  column  2. 

Column  4  shows  the  difiference  between  each  number  and  its  predecessor 
in  column  3. 

Column  5  shows  the  difference  between  each  number  and  its  predecessor 
in  column  4. 

This  table  is  arranged,  with  the  values  in  column  5  as  con- 
stant, so  as  to  conform  to  the  original  hypothesis. 

Let  a  =  the  first  number  in  column  2  ^  .1004 
Let  h  =  the  first  number  in  column  3  =  .0003 
Let  c  =  the  first  number  in  column  4  =  .0002 
Let  d  =-  any     number    in     column  5  =  .0001 

Taking  term  No.  6  as  an  example  from  the  table, 

.0002  .0001 

.1049  =  .1004  +  .0003  X  5  H ~~-  5X4+  "~7—  5X4X3 

2  D 

or, 

.ic4g  =  a  + d{n  —  i) -{-— {n  — i){n  —  2)   +  —  («  —  i)(«  —  2)(«  —  3). 

Twenty-five  typical  '*  metallized-filament  "  lamps  were  tested 
for  volts  at  I,  2,  4,  8,  16,  32,  and  64  candles,  and  the  results 
were  averaged  as  follows  : 

Candle-power  Volts  Amperes  "Watts  Watts  per  candle 

1 56.1  .333  18.68  18.68 

2 63.4  .359  22.72  11.36 

4  72.1  -396  28.55  7-14 

8 83.0  .436  36.19  4.52 

16 96.7  .483  46.71  2.92 

32 1 12.6  .541  60.92  1.90 

64 132.5  .611  80.96  1.26 

In  applying  the  above  formula  to  this  particular  case  for  volts, 
it  was  decided,  in  order  to  make  it  possible  to  get  the  points 
rather  near  together  on  the  curve,  to  assume  that  it  would  re- 
quire ten  terms  to  double  the  candle-power,  and  for  further  con- 
venience it  was  decided  to  make   i   candle-power  the  first  term 
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of   the   candle-power   series.       Under    these   circumstances   the 

formula  for  the  candle-power  will  be  : 

Candle-power  =  i.oyiyy^"-'),  i. 07177  being  the  number,   which  raised 
to  the  tenth  power,  will  equal  2,  or, 
Log.  candles  =  {n  —  i)  .030103. 

In  solving  for  a,  d,  c  and  d,   it  will  be  necessary  to  have  four 

equations,  and  it  was  decided  to  use  the   volts  corresponding  to 

I,  4,  16  and  64  candles  : 

I  cp.  =  the  first  term  of  the  candle-power  series, 
4  cp.  =^  the  2ist  term  of  the  candle-power  series, 

16  cp.  =  the  41st  term  of  the  candle-power  series. 

64  cp.  =  the  6ist  term  of  the  candle-power  series, 

and  the  four  equations  will  be  as  follows : 


(I) 

.  «  +    od  + 

oc 

+ 

od  =  1.7489629,  log  of 

56.1  V. 

(2) 

a  +  2o<^  4- 

190^  + 

14400^^-  1.8579353,  log  of 

72.1  V. 

(-,) 

•  a  -\-  4od  -f- 
.  a  -{-  60^  -f- 

780^ 
1770c 

+ 
4- 

9880^  =  1.9854265,  log  of 

34220^  =  2.  I222159,   log  of 

96.7  V. 

132.5  V. 

\6) 

(4) 

in  which  the 

second  term  is 

the 

'  logarithm  of  the  volts. 

(5)  from  ( 

[i)  and  (2) 

20(^  +  i90<;  +    Ji4od  = 

.1089724 

(6)  from 

.2)  and  (3) 

20b  -f-  590^  +    874o<af  = 

.1274912 

(7)  from 

[3)  and  (4) 

2^b  4-  99o<;  4-  243400^  =r 

•  1367894 

(8)  from  ( 

5)  and  (6) 

400^   +       7600^  := 

.0185188 

(9)  from  ( 

6)  and  (7) 

4oo<:  +  15600^  = 

.0092982     6 

(10)  from 

;8)  and  (9) 

800^  =  — 

-.0092206 

(11)  from  ( 

.10) 

d^-.- 

-.0000011526 

(12)  from 

:<^) 

c  -h  .19(3^  = 

.000046297 

(13)  from 

;8)  and  (11) 

c  —  .000021899  = 

.000046297 

(14)  from 

13) 

c  = 

.000068196 

(15)  from  ( 

.5) 

b  H .5^  +  Sld  = 

.00544862 

(16)  from  ( 

5.  10.  14) 

^  + 

.000647862  —  .0000656982  = 

.00544862 

(17)  from 

16) 

b  = 

.00486646 

A  similar  solution  for  the  ampere-logarithms  follows  : 

(i)  a -\'    ob -\-        oc  ^  00^  =  1.5224442,  log.  of  .333 amp. 

(2)  a -|- 2o<^  +  1 1 9o<^  +     11400^  =  1.5976952,  log.  of  .396  amp. 

(3)  a  -f-  AfOb  +    780*;  -|-    98800?  =  1. 6839471,  log.  of  .483  amp. 

(4)  a  4- 60^ -f-  1770^  4- 34220^  r=  1.7860412,  log.  of  .611  amp. 


(5)  from  (i)  and  (2) 

20<^  + 

190^4-     11400'  = 

.0752510 

(6)  from  (2)  and  (3) 

20b  4- 

590^+    87400^  = 

.0862519 

(7)  from  (3)  and  (4) 

20b  4- 

990^  +  2434oof  = 

.1020941 

(8)  from  (5)  and  (6) 

400c  4"    76000?  1= 

.or  10009 

(9)  from  (6)  and  (7) 

400^  -f  156000?  = 

.0158422 

(10)  from  (8)  and  (9) 

80000?  = 

.0048413 

(11)  from  (10) 

^  = 

.00000060516 

(12;  from  (8) 

c  4-  \<^d  = 

.000027502 
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13)  from  (8)  and  (11)  c  +  .000011498  =  .000027502 

14)  from  (13)  <:  =  .000016004 

15)  from  (5)  b  +  9.5^  +  57^  -=:.  .CKJ376255 

16)  from  (5,10,14)  /^+.oooi52038+. 0000344941  =  .00376255 

17)  from  (16)  b=^  .00357602 

A  similar  solution  for  the  watt-logarithm  follows: 

i)  a  ^    ob -\-        oc -\'  oof  =  1. 2713769,  log.  18.68  watts 

2)  a -\'  20b  Ar     190^:4-     1140^=  1. 4556061,  log.  28.55  watts 

3)  « -f  40^ -f-    780^:  +    9880^^=  1.6694099,  log.  46.71  watts 

4)  «  +  6o(^  +  1770^  +  34220^  r=  1.9082705,  log.  80.96  watts 


5)  from  (i)  and  (i) 

20b  -|-     I90<:  +     1140^  =: 

.1842292 

6)  from  (2)  and  (3) 

20b  +    590<:  +    87400^  = 

.2138038 

7)  from  (3)  and  (4) 

20b  +    990^  +  24340flf  -~. 

.2388606 

8)  from  (5)  and  (6) 

400^  +    7600^^  ^ 

.0295746 

9)  from  (6)  and  (7) 

400c  4-  15600^  = 

0250568 

10)  from  (8)  and  (9) 

8oooflf  = 

—.0045178 

1 1 )  from  ( 10) 

d  =  - 

—.000000564725 

12)  from  (10) 

c-\-  i()d  = 

.0000739365 

13)  from  (8)  and  (11) 

C  .000010729775   ==:: 

.0000739365 

14)  from  (13) 

<:  = 

.000084666275 

15)  from  (5) 

b  +  9'SC  4-  5ld  = 

.00921146 

16)  from  (5,10,14)  b\-. 

000804  3  3 +.00003  2 1892  = 

.00921146 

17)  from  (16) 

b  = 

.0084393192 

Substituting  the  values  of  a,  5,  c  and  d  in  the  general  formula 
for  the  logarithm  of  volts,  amperes  and  watts,  the  final  formulas 
are  obtained  for  this  particular  case  : 
IvOg.  of  volts      =  1.7489629 -h  .oo486646C«  —  i)  +  .oooo34098(«  —  i)(;^  —  2) 

—  .0000001921  (w  —  i){n  —  2){n  — 3) 
Log.  of  amperes=:  1.5224442 -f- .oo3576o2(?/  —  i)  +  .ooooo8oo2(«  —  i)(^  —  2) 

-}-  .000000 1 0086 («  —  i)(«  —  2){n  —  3) 
Log.  of  watts    =1.2713769+  .oo843932(«  — i)  +  .oooo42333i8(«  — i)(«— 2) 

— .00000009412 1 (  n  —  i)(«  —  2){n  —  3) 
Applying  these  formulas  to  obtain  the  volts,  amperes  and  watts 
at  2,  8  and  32  candle-powers  to  compare  with  the  experimental  re- 
sults : 


Exp. 

Calcu. 

Exp. 

Calcu. 

Exp. 

Calcu. 

c.  p. 

Volts 

Volts 

Amperes 

Amperes 

Watts 

Watts 

I 

56.1 

56.1 

•333 

•333 

18.68 

18.68 

2 

63.3 

63.177 

•359 

.3622 

22.72 

22.88 

4 

72.T 

72.1 

•396 

•396 

28.55 

28.55 

8 

83.0 

83.165 

•436 

.4357 

36.19 

36.23 

16 

96.7 

96.7 

.483 

.483 

46.71 

46.71 

32 

112. 6 

113.04 

.541 

.5404 

60.92 

61.09 

64 

132.5 

132.5 

.611 

.611 

80.96 

80.96 

If  this  table  is  expressed  in  differences  between   the  experi- 
mental and  calculated  values,  there  are  obtained  : 


Volts 

Amperes 

Watts 

O 

0 

0 

-.123 

+ .0032 

+  .16 

0 

0 

0 

+  .165 

— .0003 

+  .04 

0 

0 

0 

4- .44 

— .0006 

+  .17 

0 

0 

0 
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C.  P. 
I 
2 

4 

8 

16 

32 

64 

The  above  gave  a  prett}^  fair  agreement  with  facts  and  no 
further  adjustment  of  the  values  was  attempted.  It  is  evident, 
however,  that  such  an  adjustment  might  have  been  made  so  that 
the  curve,  instead  of  passing  exactly  through  the  points,  corre- 
sponding to  I,  4,  16  and  64  candle-power,  would  favor  all  points 
equally.  Then,  still  retaining  the  form  of  the  equation,  the  con- 
stants could  be  recalculated. 

Since  it  is  true  that  the  relations  between  candle-power  and 
watts  and  between  candle-power  and  life  are  very  nearly  the 
same  for  all  types  of  incandescent  lamps,  if  this  relation  for  each 
type  of  lamp  is  expressed  in  percentages  of  the  candle-power  and 
watts  at  which  all  types  give  the  same  life,  it  would  seem  that 
the  relation  between  candle-power  and  watts  is  a  much  more  im- 
portant one  than  that  between  candle-power  and  volts. 

If  it  be  assumed  that  the  relation  between  candle-power  and 
watts  may  be  expressed  by  the  proportion 

C  :  ^  :  :  W^  :  w" 
it  can  be  shown  that  the  value  of  ".;f "  will  not  be  a  constant. 
Calculate  now  the  values  of  "x"  at  i,  2,  4,  8,  16,  32  and  64 
candle-power.  The  exponent  will  be  true  for  several  decimal 
places  at  any  one  of  the  candle-powers,  if  for  the  calculations, 
points  in  the  candle-power  series  be  taken  only  one-tenth  of  a 
term  apart.  Begin  with  "2  candle-power."  Substituting  "2" 
in  the  formula 

Candle-power  =  1.07177^''""^) 

or  the  logarithm  of  2  =  (n  —  i )  log.  of  i  .07177,  or, 
.30103  =  (n  —  1)  .030103,  or, 
n  —  I  =  10  and  ?t  =  11. 
To  find  the  exponent  at  two  candle-power,  divide  the  difference 
between  the  candle-power  logarithms  for  n  =  11  and  n  =  11.  i 
by  the  difference  between  the  watt-logarithms  for  n  =  11    and 
=  11.1. 
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The  logarithm  of  candle-power  for  ;«  =  11  is  .030103  X  10  = 
0.301030. 

The  logarithm  of  candle  power  for  ;2  =  ii.i  is  .030103  X 
10. 1  =  .3040403  and  the  difference  is  .0030103. 

The  logarithm  of  watts  iov  n  =  11  is  1.27 13769  +.00843932  X 
10  +  .00004233318  X  10  X  9  —  .000000094121  X  10  X  9  X  8. 
or,  1. 2713769  +  .0843932  +  .00381  — .0000678  =  1. 3595123. 

The  logarithm  for  n  =  11.  i  is  1.27 13769  -|-  .00843932  X 
10. 1  +  .00004233318  X  10. 1  X  9.1  —  .000000094121  X  10. 1  X 
9.1  X  8.1,  or,  1. 2713769  +  .08523713  -f  .0038908 —  .00007007  = 
1.3604348. 

1.3604348  —  1. 3595 1 23  =  .00092246. 

.0030103  -f-  .00092246  =  3.263,  the  exponent  sought. 

The  exponents  for  the  other  candle-powers,  which  were  cal- 
culated in  the  same  way,  are  shown  in  the  following  table, 
which  affords  an  opportunity  also  to  correlate  the  watt-exponent 
with  the  specific  consumption,  so  as  to  make  the  values  inde- 
pendent of  the  candle-power,  volts  and  amperes  of  the  lamp. 

Candle-power  Watts  per  candle  Watt  exponent 

1  18.68  3.583 

2  11.36  3.263 

4  7.14  3-f^i4 

8  4.52  2.813 

j6  2.92  2.644 

32  1.90  2.517 

64  1.26  2.416 

If  these  values  now  be  plotted  in  a  curve  in  terms  of  watts  per 

candle  and  watt  exponent  and  values  be  read  from   the  curve  at 

each  half  watts  per  candle  from  1.5  to  7,   the  following  table  is 

obtained  : 

Watts  per  candle  Watt  exponent 

1.25  2.41 

1.50  2.45 

2.00  2.53 

2.50  2.59 

3-00  2.65 

3-50  2.71 

4.00  2.76 

4.50  2.8r 

5.00  2.86 

5.50  2.90 

6.00  2.93 

6.50  2.97 

7.00  3.00 

The  volt  and  ampere  exponents  may  be  calculated  in  the  same 
way,  but  as  stated  heretofor  "it  is  most  convenient  to  put  the 
data  in  the  form  of  curves,"  and  so  these  values  are  not  present- 
ed here.  I  can  say,  however,  that  they  would  confirm  the  con- 
clusions drawn  by  Mr.  Cady. 


THE    INTENSITY    OF    NATURAL    ILLUMINATION 
THROUGHOUT    THE    DAY/ 


BY    LEONARD   J.    LEWINSON. 


This  paper  deals  primarily  with  the  intensity  of  illumination 
produced  by  natural  sources  of  light,  such  as  the  sun,  moon  and 
stars,  modified  by  the  earth's  atmosphere.  Experiments  were 
undertaken  to  secure  data  under  various  atmospheric  conditions 
at  different  periods  during  the  day.  To  make  a  complete  sur- 
vey of  the  subject  would  involve  years  of  effort.  The  author 
recognizes  the  inexhaustibleness  of  this  field  of  research,  as  well 
as  the  limitations  of  the  data  here  presented.  The  lack  of  re- 
liable information  and  the  need  for  data  on  this  subject  are  felt 
to  justify  the  presentation  of  this  paper,  which  under  other  cir- 
cumstances would  have  been  withheld  until  more  complete  data 
should  become  available. 

Spectro-photometric  analyses  of  daylight  have  been  made, 
rendering  possible  a  comparison  of  artificial  and  natural  illumi- 
nation, as  far  as  color  composition  is  concerned,  and  bringing  out 
the  fluctuations  of  color  values  during  the  day.  A  number  of 
papers  treating  of  daylight  illumination  have  appeared,  but  in  all 
of  them  there  is  an  almost  entire  absence  of  intensity  determi- 
nations—  "foot-candle"  values,  which  are  of  leading  interest  to 
illuminating  engineers.  To  the  establishment  of  the  best  arti- 
ficial conditions,  a  knowledge  of  natural  conditions  is  essential. 
Men  who  deal  with  lighting  problems  are  in  need  of  data  that 
can  be  applied  in  the  design  of  artificial  illumination.  They 
should  know  the  order  of  magnitude  of  the  natural  illumination 
intensity  during  the  day,  for  which  they  endeavor  to  provide  a 
substitute  at  night,  or  a  reinforcement  on  dark  days.  They 
should  appreciate  the  fluctuations  in  intensity  to  which  natural 
illumination  is  subject — variations  of  greater  extent  than  are  met 
with  in  any  artificial  illumination. 

A  problem  which  is  open  to  discussion,  and  which  is  of  much 
importance,  can  be  summed  up  in  the  question,  "Why  does  the 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 
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human  eye,  which  is  satisfied  with  an  illumination  of  2  foot- 
candles  produced  at  night  by  an  artificial  source,  require  at  least 
20  foot-candles  of  daylight  for  ordinary  reading  purposes?  "  It 
is  believed  that  studies  of  the  kind  considered  in  this  paper  will 
shed  some  light  on  this  interesting  question. 

Moonlight  intensity  is  of  particular  interest  in  connection  with 
street  lighting.  It  has  been  the  chief  criterion,  particularly  in 
this  country,  and  will  probably  remain  so  for  years  to  come.  In 
many  towns,  lighting  plants  are  operated  on  a  "moonlight  sched- 
ule," the  lamps  being  operated  only  when  natural  illumination 
is  considered  insufficient.      "What  is  the  illuminating  value  of 


Fig.  I. — General  View  of  Apparatus. 

moonlight?"  "How  does  this  intensity  vary?"  These  are 
questions  which  have  long  remained  unanswered.  Now,  how- 
ever, that  engineers  are  approaching  the  problems  of  street  light- 
ing from  a  scientific  viewpoint,  it  is  essential  to  know  the  foot- 
candle  intensity  of  moonlight  and  skylight  at  night. 

APPARATUS  USED  IN  TESTS. 

Two  Sharp-Millar  photometers,^  equipped  with  miniature  tung- 
sten lamps  were  used.  The  arrangement  of  the  instruments  is 
shown  in  Figure  i. 

1  For  description,  see  ''ElectHcal  World'''  and  Electrical  Review,''  Jan.  25,  1908. 
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LOCATION  OF  TEST  STATION. 

The  experiments  were  conducted  on  the  roof  of  the  Electrical 
Testing  Laboratories  in  New  York  City.  There  is  practically 
no  obstruction  to  skylight.  The  roof  of  the  adjoining  building 
toward  the  west  is  only  a  few  feet  higher  than  the  roof  of  the 
Laboratories.  On  the  north  side,  there  are  no  buildings  within 
one  hundred  feet,  and  toward  the  east  and  south  the  space  is 
practically  open.  When  two  photometers  were  used,  the  test 
plate  of  one  was  horizontal  and  that  of  the  second  was  turned  so 
as  to  be  normal  to  the  direct  light  from  the  sun  or  moon.  In 
certain  tests,  one  photometer  was  used  in  making  both  sets  of 
measurements. 

ACCURACY  OF  TESTS. 

With  unvarying  intensity  and  good  color  value,  a  precision  of 
approximately  one  per  cent,  can  be  obtained  with  the  photom- 
eters used  in  these  tests.  On  account  of  the  great  color  dif- 
ferences and  large  variations  in  intensity  which  were  encount- 
ered, the  precision  of  the  determinations  was  necessarily  some- 
what lower.  No  definite  statement  can  be  made  as  to  the  ac- 
curacy attained.  In  order  to  obtain  a  high  degree  of  accuracy 
in  tests  of  this  kind,  it  would  be  necessary  to  have  a  number  of 
observers  and  to  use  several  different  methods  in  determining  the 
illuminating  values.  For  the  purposes  of  this  paper,  the  results 
attained  may  be  considered  as  substantially  correct. 

TEST  A. — 24  HOURS  CONTINUOUS  OBSERVATION. 

Date  :  September  9  and  10,  1908. 
Sun  rises,  September  9,  5:33  a.  m. 
vSun  sets,  September  9,  6:19  p.  m. 
Moon  full,  September  10,  7:45  a.  m. 

The  sky  during  this  test  was  clear,  and  practically  cloudless- 
throughout  the  entire  24  hours.  There  was  a  slight  haze  all 
day,  except  during  the  hours  immediately  preceding  and  follow- 
ing noon,  This  haze  was  slightly  heavier  in  the  early  afternoon 
than  during  the  morning.  The  temperature  was  about  6i°F. 
during  the  early  morning  hours,  increasing  to  73°F.  at  noon,  and 
steadily  decreasing  to  64°F.  at  9  p.  m.,  after  which  it  remained 
about  constant  until  3  a.m.,  September  10.  Light  southwest- 
erly and  westerly  winds  prevailed.  The  results  of  the  test  are 
recorded  in  Table  I. 
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TABLE  I. 

Illumination 

in  Foot-Candles 

Time 

Hori- 

Norm- 

A.M. 

zontal 

al 

Remarks 

3-45 

0.0008 

Temp.  64°F.  Rel.  hum. 

67.5% 

4-30 

0.00 1 1 

Slightly  hazy 

4.35 

0.0018 

4.40 

0.0036 

4.42 

0.0049 

4.45 

0.0063 

Temp.  6i°F.    Rel.  hum, 

.  64.5 f^ 

4.46 

0.0104 

4.48 

0.016 

4.50 

0.025 

4.52 

0.033 

4.55 

0.047 

4.57 

0.071 

5.00 

O.I16 

5.04 

0.500 

5-07 

0.936 

5-15 

2.70 

5.20 

7.50 

Temp.  6o°F.  Rel.  hum. 

77  f^ 

5.25 

16.40 

Sun  rises  5.33  a.  m. 

5-37 

57.00 

5.40 

77.8 

Sun  just  visible 

5-44 

133-4 

5-50 

140 

150 

5.56 

150 

317 

6.06 

207 

401 

6.15 

301 

788 

6.20 

427 

954 

6.30 

516 

1060 

6.38 

645 

1370 

6.50 

889 

1990 

7.00 

1190 

2630 

7.10 

1230 

2750 

• 

7.30 

1390 

3000 

7.42 

1560 

4070 

7-54 

1720 

3970 

8.02 

2340 

4370 

^.15 

2540 

4660 

8.30 

2860 

4980 

8.45 

2750 

5300 

9.00 

3500 

5190 

9.15 

3280 

5510 

Temp.  73°F.    Rel.  hum. 

64% 

9-30 

4240 

7200 

9-45 

4550 

6670 

Haze  increased 

10.00 

4760 

7620 

Temp.  72°F.    Rel.  hum. 

,48f^ 

10.15 

5510 

8370 

10.30 

5820 

8680 

10.45 

5350 

8560 
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TABLE  l.—{Cofitinued). 


Illumination  in  foot-candles 

Time  Hori-  Nor- 

A.M.  zontal  mal                                           Remarks 

ii.oo  3900  5990                 Haze  heavier 

1 1. 15  6420  8780                  Haze  lighter 

11.30  6210  9630 

11.45  6850  9850                 Temp.  73"F.    ReL  hum.  42% 

12.00  M  7070  10060 

p.  M. 

12.15  7070  T0060 

12.30  8990  1 1780 

12.45  8990  12420 

1.45  4620  6640                 Haze  heavier 

2.00  5300  6760                  Haze  decreasing.    Rel.  Humidity  40^- 

2.20  4100  6670 

2.45  4100  6370                 Slight  haze 

3.00  3280  5790 

3.15  2660  5290 

3.45  2570  5050 

4.10  1820  4470 

4-45  I 130  2850 

5.00  862  2220 

5.30  385  768 

6.15  92.6  Sun  sets  6.19  p.  m. 

6-30  55.7  Moon  rising.  Rel.  hum.  60% 

6.45  II.O 

7.45  0.0044  0.0140 

8.10  0.0069  0.0182 

8.35  0.0108  0.0230 

9.00  0.0137  0.0264          Temp.  64.5°F.  Rel.  hum.  61  fo 

9.20  0.0134  0.0298                                                                               ^ 

9.40  0.0120  0.0257 

10. o  0.0163  0.0307 

10.22  0.0154  0.0288 

10.45  0.0149  0.0312          Temp.  63.5°F.  Rel.  hum.  65% 

11.00  0.0159  0.0254 

11.35  0.0159  0.0312 

11.55  0.0216  0.0388         Temp.  62°F.  Rel.  hum.  69% 

A.  M. 

12.20  0.0183  0.0380 

12.40  0.0139  0.0290 

1. 00  0.0154  0.0320 

1.20  0.0144  0.0288        Temp.  6i°F.  Rel.  hum.  73% 

1.40  0.0130  0.0245 

2.00  0.0130  0.0269 

2.20  0.0115  0.0302 

2.40  0.0107  0.0250 

3.00  0.0072  0.0240         Temp.  6i°F.   Rel.  hum.  67% 

Note:— For  the  sake  of  brevity,  the  term  "Horizontal  Illumination  "  is  used  to  ex- 
press the  intensity  of  illumination  on  the  horizontal  test  plate;  the  term  "  normal  illumi- 
nation "  expresses  the  intensity  of  illumination  on  the  test  plate  turned  toward  the  sun. 
and  moon. 
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The  results  are  expressed  graphically  in  Figs.  2  and  3.  Noon 
is  taken  as  the  starting  point ;  the  heavy,  continuous  line  shows 
the  illumination  during  the  afternoon  and  evening  of  Sept.  9,  the 
scale  of  hours  being  shown  at  the  bottom  of  the  diagram.  The 
thin,  continuous  line  shows  the  illumination  during  the  mornings 
of  Sept.  9  and  10,  the  scale  of  hours  at  the  top  of  the  diagram 
applying.  It  will  be  seen  that  the  p.  m.  curves  read  from  left 
to  right,  and  the  a.  m.  curves  from  right  to  left.  Horizontal 
illumination  intensities  are  shown  in  Figs.  2  and  3,  because  the 
normal  illumination  values  are  available  only  during  the  periods 
when  the  sun  and  moon  are  visible. 

Considering  first  the  night  illumination,  one  notes  that  the  sky- 


12000 


6.40 


Fig.  2. — Intensity  of  Natural  Illumination  in  Day  Time. 

light  value  approximates  o.ooi  foot-candle,  when  the  moon  is  not 
visible.  It  must  be  remembered  in  connection  with  this  value 
that  the  measurements  were  made  in  a  large  city,  where  artificial 
sources  influence  the  skylight  very  perceptibly. 

The  rate  of  increase  of  illumination  during  the  hour  preceding 
sunrise  is  enormous,  the  intensity  at  5.25  a.  m.,  about  seven 
minutes  before  sunrise,  being  approximately  10,000  times  that  at 
4.25.  During  the  hour  after  sunrise,  the  rate  of  increase  is  rela- 
tively small,  the  intensity  at  6.38  a.  m.  being  about  11  times  that 
at  5.37  a.  m. 

When  the  sun  first  appears  above  the  horizon,  the  horizontal 
illumination  is  about  equal  to  the  "normal;"  after  the  sun  is 
4 
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well  above  the  horizon,  the  normal  illumination  increases  more 
rapidly  than  the  horizontal.  During  the  later  morning  hours, 
there  is  a  steady  increase  of  both  horizontal  and  normal  illumin- 
ation, the  former  again  approaching  the  latter  in  magnitude  as 
the  sun  nears  the  meridian.  There  is  a  striking  regularity  in 
the  rate  of  change  in  intensity  between  6  a.  m.  and  noon.  In 
the  afternoon  there  is  a  correspondingly  regular  rate  of  decrease 
until  about  6  o'clock,  when  the  falling  off  becomes  more  marked, 
and  during  the  hour  immediately  after  sunset,  there  is  a  very 
rapid  diminution. 

A  fair  average  figure  for  horizontal  illumination  produced  by 


INTENSITY ofNATURAL  ILLUMIf^TION 
MIGHT 


-a«« 


o,os 


PM. 


PM.  PM^ 

Fig.  3. — Intensity  of  Natural  Illumination  at  Night— No  Moon. 


moonlight  and  skylight  on  this  particular  night  is  about  0.014 
foot-candle,  between  8.35  p.  m.  and  2.20  a.  m.  The  "  normal" 
illumination  is  about  double  the  horizontal.  The  moonlight  il- 
lumination is  very  much  more  constant  during  the  night  than  is 
the  sunlight  during  the  day,  probably  due  to  the  fact  that  on  this 
occasion  the  moon  did  not  rise  as  high  in  the  sky  as  did  the  sun. 
With  noon  as  a  starting  point,  working  forward  toward  6 
o'clock  in  the  afternoon,  and  backward  toward  6  o'clock  in  the 
morning,  the  illumination  curves  correspond  very  closely,  except 
during  the  hour  immediately  preceding  and  immediately  follow- 
ing noon,  where  large  fluctuations  were  noted,  due  to  varying 
atmospheric  conditions. 


1 


i.e:winson:  naturaIv  ilIvUMination  489 

tkst  b.  — 17  hours  continuous  observation. 

Date  :  September  i,  1908. 
Sun  rises,  5.24  a.  m. 
Sun  sets,  6.35  p.  m. 
No  moon. 

During  the  early  morning,  there  was  a  very  heavy  mist  and 
the  relative  humidity  was  very  high,  decreasing  from  98  per 
cent,  at  4.51  a.m.  to  80  per  cent,  at  10.20  a.  m.  From  10  o'clock 
to  noon,  the  per  cent,  of  relative  humidity  decreased  more  rapidly 
to  about  48  per  cent.  The  mist  gradually  disappeared,  but  the 
sky  became  overcast  with  irregular  clouds.  In  the  morning,  up 
to  10  a.  m.,  the  wind,  which  was  light,  was  from  the  northeast. 
After  10,  it  shifted  into  the  south,  and  later  the  southwest. 

Table  II  shows  the  results  of  the  second  test. 

TABLE  II. 


Time 
A.M. 

4.51 

4.5i>^ 

Illumination  in  Foot-Candles 
Hori-                      Norm- 
zontal                         al 

0.081 

0,076 

Remarks 
Temp.  64°F.    Rel.  hum.  98% 
Very  heavy  mists 

4.52 

0.091 

4.53 

0.II5 

4.55 
4.56 
4.57 

0.139 
0.228 
0.268 

5.00 

0.524 

5.01 

0.595 

503 

1.04 

5.07 
5.09 

I.71 
2.96 

5.II 
5.12 

7.10 
8.58 

5.13 
5.16 

11.25 
12.9 

5.18 

29.4 

5.21 

5.33 
5.37 
5.42 

22.9 

58.4 
99.9 
72.3 

78.7 

Sun  rises  5.24  a.  m. 

Temp.  64°F.   Rel.  hum.  97^ 

6.00 
6.10 

74-3 
88.8 

6.II 
6.12 

85.6 
81.4 

6.15 
6.17 

90.2 
105.0 
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TABLE  II— {Continued). 


Illumination  in  foot-candles 
Nor- 
mal 


Time 

Hori- 

A.M. 

zontal 

6.18 

97-5 

6.30 

119 

6.33 

123 

6.38 

167 

6.39 

165 

6.51 

298 

6.55 

438 

6.58 

389 

6.59 

407 

7.06 

371 

7.15 

514 

7.16 

581 

7.30 

712 

8.00 

1 170 

8.15 

1450 

8.25 

1400 

8.40 

2070 

8.50 

1460 

9.10 

2570 

925 

2650 

9-35 

2700 

9-50 

5400 

10.05 

2440 

10,20 

10.25 

2000 

10.26 

I160 

10.40 

5260 

10.55 

2400 

II.  10 

4045 

II. II 

7520 

11.25 

2290 

11.40 

4925 

11.55 

4440 

11.56 

5290 

p.  M. 

12.10 

12.15 

12.25 

2330 

12.40 

1.20 

4900 

1.40 

6120 

1-55 

4380 

2.10 

7000 

2.25 

3800 

2.25>^ 

4800 

2.40 

5690 

Remarks 


812 
1470 
2030 
2020 
3070 
1420 
4290 
3280 
4470 
7250 
2850 
1750 


5180 
3140 
5160 

2182 
4940 
3610 
6150 

6150 
7450 
4770 
5300 
3740 

5390 
8570 
6340 
7620 

7160 


Sun  visible  through  mist 


Temp.  75°F.    Rel.  hum.  84% 


Temp.  74°F.  Rel.  hum.  81% 

Sun  invisible 

White  clouds  forming 


Sun  unobscured  for  a  moment 
Sun  obscured  by  a  cloud 

Temp.  84°F.  Rel.  hum.  59% 
Less  hazy 

Cloudy 

Mists  dispersed— Cloudy 
Clearing.     Rel.  hum.  54% 


Sun  unobscured 
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Illumination  in  foot-candles 


Time 

Hori- 

Nor- 

P.M. 

zontal 

mal 

3.00 

2420 

2330 

3-oo>^ 

3460 

3.01 

2080 

3.20 

4260 

5600 

3-40 

2820 

5200 

4.00 

1680 

2660 

4.20 

1610 

1080 

4-50 

935 

504 

5.10 

670 

5.30 

510 

5-50 

218 

6.10 

94.2 

7.10 

0.0107 

7- 30 

0.0016 

8.00 

0.0012 

8.30 

0.0013 

8.55 

0.0013 

9.25 

0.00085 

9.40 

0.00103 

Remarks 


Heavy  cloud  obscuring  sun 


Clear  directly  overhead 
Cloudy 


Clouds  breaking 


The  broken  line  curves  on  Figs.  2  and  3  constitute  a  graphi- 
cal representation  of  the  above  results.  Here  again,  the  rapid 
changes  during  the  hour  immediately  preceding  sunrise  and  the 
hour  following  sunset  are  noted.  The  fluctuations  in  intensity 
during  the  day  are  very  marked,  the  ever-shifting  mists  during 
the  morning  and  the  heavy  clouds  which  obscured  the  sun  at 
times  during  the  afternoon  causing  these  variations.  The  ave- 
rage intensity  during  the  afternoon,  particularly  after  one 
o'clock,  is  higher  than  that  in  the  morning,  due  to  the  disappear- 
ance of  the  heavy  mists.  Some  of  the  intensities  observed  are 
considerably  higher  than  the  values  at  corresponding  periods 
during  the  first  test,  probably  due  to  the  fact  that  the  cloud 
formation  at  certain  times  caused  an  increase  in  the  horizontal 
illumination  intensity.  This  phenomenon  has  already  been 
pointed  out  by  Dr.  Edward  L.  Nichols,  in  his  paper  on  "Day- 
light and  Artificial  Light,"  *  in  which  he  shows  a  fourfold  in- 
crease of  illumination  during  eight  minutes  preceding  the  ob- 
scuring of  direct  sunlight  by  the  formation  of  a  storm  cloud. 

Referring  to  Fig.  3,  it  will  be  seen  that  the  skylight  approxi- 
mates o.ooi  foot-candle  after  7.30  p.  m.  There  are  slight  vari- 
ations from  this  value  incident  to  the  breaking  up  of  the  clouds 
after  9  o'clock. 

1  Transactions  of  the  Illuminating  Engineering  Society,  Vol.  3,  No.  5  (May,  1908). 
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It  is  of  interest  to  note  that  at  a  few  minutes  before  dawn  and 
a  few  minutes  after  sunset,  the  illumination  is  about  2  foot- 
candles  ;  such  an  intensity  produced  by  an  artificial  source,  as 
stated  before,  is  considered  sufficient  for  reading  purposes.  In 
making  the  tests,  however,  it  was  found  that  when  the  natural 
illumination  was  2  foot-candles,  it  was  impossible  to  read  the  in- 
struments without  the  aid  of  artificial  light.  On  the  clear  day 
(Test  A.)  the  illumination  was  found  to  be  2  foot-candles  at 
about  25  minutes  before  sunrise  and  25  minutes  after  sunset.  In 
Test  B,  when  the  sky  was  clouded  or  obscured  by  a  heavy  mist, 
this  value  was  obtained  at  about  15  minutes  before  sunrise  and  15 
minutes  after  sunset. 

TEST    C.  — 10  HOURS  CONTINUOUS  OBSERVATION. 
Sun  sets,  7.03  p.  m.,  August  12 
Sun  rises  5.04  a.  m.,  August  13 
Full  moon  12.15  ^-  ^m  August  12 
During  this  test,  the  per  cent,  of  relative  humidity  was  very 
high,  averaging  about  90  during  the  night.     Up  to  9  o'clock, 
there  were  light  clouds  in  the  sky.     Between  9  and  10  p.  m.,  the 
sky   was   cloudless.     Subsequently   a  haze   formed  causing  the 
appearance  of  rings  around  the  moon.     Light  south  to  southeast 
winds  prevailed. 

The  results  of  the  tests  are  shown  in  Table  III. 

TABLE  III. 

Illumiuation  in  foot-candles 


Time 

Hori- 

Nor- 

P.M. 

zontal 

mal 

Remarks 

6.55 

19.7 

Light  clouds.     Rel.  hum.  87^ 

7.07 

3.08 

Sun  set,  7.03  p.  m. 

7.22 

0.406 

Temp.  76° F.     ReL  hum.   88% 

7.24 

0.354 

7.25 

0.330 

7.40 

0.016 

Temp.  75°.     Rel.  hum.    81% 

8.06 

O.OOII 

8.30 

0.0016 

0.0061 

Moon  under  light  cloud 

9.00 

0.0040 

0.0297 

Sky  cloudless 

9-32 

0.0066 

0.0210 

9-65 

0.0079 

0.0252 

10.26 

0.0080 

0.0291 

Ring  around  moon 

10.48 

0.0105 

0.0244 

Slight  haze 

11.30 

0.0125 

0.0305 

A.  M. 

12.03 

0.0II9 

0.0282 

12.32 

0.0140 

0.0324 

1.23 

0.0123 

0.0312 

LDWINSON  :    NATURAI.   IIvI^UMINATlON 
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TABIvE  III.— {Continued). 


Illumination  in  foot-candles 


Time 

Hori- 

Nor- 

A.M. 

zontal 

mal 

Remarks 

1.30 

0.0127 

0.0220 

2.00 

0,0127 

Temp.  74°  F. 

2,20 

0.0142 

0.0207 

Clearer.     Rel.  hum.  89^ 

3 -05 

0.0102 

0.0263 

Double  ring  around  moon 

3.30 

0.0096 

0.0174 

4.05 

0.0091 

0.0154 

4.15 

0.0143 

4.20 

0.0193 

4.26 

0.0608 

4.36 

0.3044 

4.45 

2.212 

Sunrise,  5.04  a.  m. 

5.30 

193.0 

On  Fig.  4  are  shown   the  moonlight  curves  derived  from  the 
results  of  Tests  A  and  C.     The  continuous  line  represents  the  in- 


Fig.  4. — Intensity  of  Natural  Illumination  on  Moonlight  Night. 

tensity  of  the  full  moon  during  a  clear  September  night.  The 
broken  line  represents  the  intensity  of  the  full  moon  during  a 
night  in  August,  the  sky  being  almost  cloudless,  but  somewhat 
hazy.  During  the  August  test,  the  intensity  averages  are  some- 
what lower  than  the  September  test,  due  probably  to  the  haziness 
encountered  during  the  earlier  test. 

Conclusions  regarding  natural  illumination  under  conditions 
described  are  as  follows  : 

Certain  cloud  formations  have  the  effect  of  increasing  the  in- 
tensity of  illumination  by  diffusion.  Other  clouds  act  as  absorb- 
ing media,  and  decreasethe  illumination  intensity.  Variations  in 
intensity  due  to  clouds,  are  often  of  a  large  order,  and  sometimes 
occur  suddenly. 
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In  the  absence  of  clouds,  the  rate  of  change  of  intensity,  be- 
tween the  hours  of  8  a.  m.  and  4  p.  m.  is  regular. 

The  rate  of  change  of  intensity  during  the  hours  of  dawn  and 
twilight,  is  very  high. 

The  skylight  value  at  night,  when  there  is  no  moon,  is  ap- 
proximately .001  foot-candle. 

The  intensity  of  moonlight  is  about  .014  foot-candle. 

Daylight  illumination  varies  in  intensity  from  2000  to  8000 
foot-candles,  between  the  hours  of  8  a.  m.  and  4  p.  m. 

It  is  hoped  that  the  data  herein  presented  may  serve  as  an 
acceptable  first  step  toward  the  establishment,  on  a  quantitative 
basis,  of  the  facts  in  regard  to  natural  illumination.  The  author 
wishes  to  acknowledge  his  indebtedness  to  various  persons,  in 
particular  Messrs.  H.  E.  Allen  and  S.  Ulmar,  for  valuable  assis- 
tance in  making  the  tests  outlined  in  this  paper. 


DISCUSSION. 

Mr.  Carl  Hering: — This  paper  is  of  special  importance,  be- 
cause reliable  information  concerning  the  luminous  value  of 
daylight  seems  to  be  very  meager,  and  what  there  is,  is  often 
stated  indefinitely  in  books,  and  is  sometimes  unquestionably 
wrong. 

In  my  opinion,  one  of  the  reasons  why  a  knowledge  of  the 
value  of  daylight  is  important  is  that  our  eyes  can  be  assumed 
to  be  best  adapted  to  natural  daylight  illumination,  and  there- 
fore if  artificial  or  night  illumination  corresponds  with  daylight, 
the  best  use  can  be  made  of  our  eyes. 

It  may  be  of  interest  to  call  attention  to  the  fact  that  the  maxi- 
mum illumination  obtained  by  the  authors,  about  12,000  foot- 
candles,  if  none  of  it  is  absorbed,  would  correspond  to  the  in- 
trinsic brightness  of  the  Welsbach  mantle,  according  to  the 
figures  in  Dr.  Bell's  book,  after  being  reduced  from  candles  per 
square  inch  to  foot-candles.  I  do  not  assume  any  responsibility 
for  the  original  data,  but  simply  for  the  conversion  factor  of 
452,  by  which  candles  per  square  inch  are  multiplied  to  reduce 
them  to  foot-candles.  It  is  perhaps  hard  to  conceive  that  a  piece 
of  white  paper  exposed  to  daylight  is  nearly  as  bright  as  a  Wels- 
bach mantle,  but  if  the  figures  are  correct,  such  is  the  case. 

Mr.  J.  B.   Woodwell: — This  paper  presents  a  great  deal  of 
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data  valuable  to  the  illuminating  engineer,  but  it  is  a  question 
in  my  mind  as  to  whether  the  two  values  enumerated,  namely, 
the  horizontal  component  of  the  daylight  illumination,  or  the 
normal  component  is  as  important  in  practice  as  the  vertical 
component.  Practically  all  of  the  light  which  enters  our  modern 
structures  comes  in  through  vertical  windows.  It  is  also  of 
interest  to  determine  the  illumination  of  the  exterior  walls  of 
buildings,  and  the  consequent  effect  of  reflection  upon  the  streets 
and  adjacent  buildings.  In  future  work  of  this  kind,  which  I 
hope  will  be  continued,  I  trust  that  measurements  will  be  made 
of  the  vertical  component  of  illumination,  so  that  there  may  be 
obtained  some  practical  data  upon  which  to  determine  the  inten- 
sity of  daylight  entering  vertical  windows. 

Mr.  Bmile  G.  Perrot: — The  question  of  daylight  illumination 
in  buildings  is  one  that  has  occupied  my  attention  for  some  time. 
On  account  of  having  to  place  buildings  in  positions  where  they 
would  be  best  lighted  in  daytime,  I  have  looked  up  the  subject  of 
the  relative  values  of  daylight  at  various  times  of  the  year,  at 
the  equinox,  and  also  in  the  winter  and  in  the  summer.  The 
test  recorded  in  the  paper  was  made  in  September,  and  thus 
does  not  give  any  real  information  from  a  practical  standpoint 
to  be  used  in  designing  a  building. 

In  hospitals  it  is  very  essential  to  have  the  maximum  amount 
of  sunlight  penetrate  the  building  through  the  windows  for  the 
longest  time  possible.  There  was  a  paper  written  and  published 
in  a  magazine  called  "The  American  Architect  and  Building 
News,''  March  3,  1906,  entitled  "The  Orientation  of  Buildings," 
in  which  an  architect  reported  a  number  of  investigations  on  the 
subject,  and  plotted  the  effect  of  the  sunlight,  not  only  for  the 
equinox  but  also  for  the  winter  months  and  the  summer  months ; 
the  article  covers  the  subject  very  thoroughly.  It  must  be  re- 
membered that  the  sun  in  winter  is  lower  in  the  horizon  than 
it  is  in  summer,  and  consequently  the  penetration  of  sunlight 
through  a  window  in  a  vertical  plane  would  be  much  further 
into  a  room  in  the  winter  than  in  summer.  Moreover  the  sun 
sets  and  rises  in  different  positions  at  different  times  of  the  year, 
so  that  the  position  of  a  building  which  is  correct  for  one  time 
of  the  year  may  be  wrong  for  another. 

Mr.  V.  R.  Lansingh: — For  the  sake  of  record,  I  should  like 
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to  call  attention  to  an  article  in  the  "Technology  Quarterly'^  for 
September,  1905,  as  published  by  the  Massachusetts  Institute 
of  Technology.  This  article,  by  Mr.  William  Atkinson,  is  en- 
titled ''The  Orientation  of  Buildings  and  of  Streets  in  Relation 
to  Sunlight." 

Mr.  R.  S.  Hale: — (By  letter).  The  subject  of  the  variation 
of  the  natural  illumination  throughout  the  day  arises  frequently 
when  the  schedules  upon  which  street  lamps  should  be  run. 
In  different  cities  the  time  varies  from  approximately  4400  hours, 
down  to  as  low  in  some  cases  as  3700  hours. 

A  schedule  of  4000  hours  provides  for  turning  on  one-half 
hour  after  sundown  and  turning  off  approximately  one-half 
hour  before  sunup.  It  is  obvious,  however,  that  the  time  in  re- 
lation to  sundown  and  sunup  should  vary  both  with  the  time  of 
year  and  with  the  latitude.  In  Northern  latitudes  the  summer 
twilight  is  very  much  longer  than  the  twilight  at  other  seasons  of 
the  year. 

Irrespective  of  the  absolute  quantity  of  light,  there  is  also  a 
question  as  to  how  much  light  is  needed  and  there  is  no  doubt 
that  in  the  morning  hours  when  the  streets  are  nearly  vacant, 
the  lamps  may  be  turned  off  earlier  in  relation  to  the  sun  than 
would  be  wise  in  turning  them  on  at  night  when  the  streets  are 
full  of  traffic.  There  is  also  here  a  relation  due  to  the  retina 
of  the  eye.  When  people  have  been  out  all  night  so  that  the 
retina  of  the  eye  is  enlarged,  less  light  is  needed  in  the  early 
morning  hours  than  would  be  needed  at  night  after  daylight. 

In  Boston  a  good  many  years  ago  a  schedule  was  selected 
by  actual  experiment,  the  city  officials  and  the  officials  of  the  old 
Boston  Electric  Light  Company  going  out  in  the  streets  and 
determining  on  several  successive  nights  at  just  what  time  the 
lamps  were  needed  and  again,  at  just  what  time  in  the  morning 
the  lamps  could  be  satisfactorily  turned  off.  As  a  result  a 
schedule  was  obtained  which  turns  on  the  lamps  only  a  few  min- 
utes after  sundown  and  turns  them  off  considerably  more  than 
one-half  hour  before  sunrise,  the  total  of  the  schedule  amounting 
to  3828  hours,  and  this  schedule  has  given  good  satisfaction 
for  many  years,  not  only  in  Boston  itself  where  it  is  part  of  the 
contract,  but  in  adjoining  towns  where  the  town  officials  have 
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the  privilege  of  changing  the  schedule  at  any  time  that  they  see 
fit. 

A  thorough  study  of  this  subject  will  enable  towns  to  make 
an  appreciable  saving  in  the  hours  of  street  lighting,  without 
any  deterioration  of  the  service,  or  for  the  same  hours  that  the 
lamps  are  in  use  to  afford  a  considerably  improved  service  by 
giving  the  light  at  times  when  it  is  needed. 

President  Bell: — The  Chair  would  call  attention  to  the  fact 
that  the  value  given  in  the  paper  was  the  light  actually  received 
from  the  sun,  directly,  whether  the  sun  was  clear  or  the  light 
came  through  a  cloud.  Daylight  is  often  spoken  of  in  a  very 
loose  way,  meaning  thereby  any  light  that  happens  to  filter 
through  to  the  place  designated,  but  I  think  it  is  well  for  all  of 
us  to  remember  that  these  particular  investigations, — which 
should  have  been  made  long  ago,  and  we  are  very  glad  to  have 
them  before  us  now — do  not  deal  with  that  loose  meaning  of  the 
word  daylight,  but  with  a  precise  thing,  to  wit,  the  direct  rays 
of  the  sun.  In  other  words,  it  shows  what  is  obtained  from 
the   sun   at  various   altitudes   under  various   conditions. 

Mr.  Leonard  J.  Lezvinson: — In  answer  to  Mr.  Woodwell's 
remark  referring  to  the  measurement  of  vertical  illumination,  I 
wish  to  repeat  that  this  paper  serves  only  as  an  introduction 
to  the  subject.  In  attempting  measurement  of  vertical  illumina- 
tion, to  my  mind,  there  would  be  considerable  question  as  to  the 
direction  in  which  the  vertical  test-plate  should  be  turned :  di- 
rectly towards  the  sun,  away  from  the  sun,  etc. 

I  should  like  to  point  out  that  the  illumination  measurements 
during  the  day  as  given  in  this  paper  represent  sunlight  plus 
skylight. 

Referring  to  the  statement  concerning  the  difficulty  in  reading 
instruments  with  2-foot-candles  natural  illumination,  it  should 
be  remembered  that  natural  illumination  is  widely  diffused.  If 
a  small  enclosure  were  equipped  with  a  natural  light  source, 
say,  through  a  hole  in  the  ceiling  so  arranged  as  to  give  a  general 
illumination  of  2-foot  candles  on  a  certain  test  plane,  one  could 
probably  read  any  instrument  on  this  plane  without  any  diffi- 
culty. 

Mr.  Bassett  Jones,  Jr.: — (Communicated  after  adjournment). 
Much  has  been  heard  lately  of  the  intensity  and  quality  of  day- 
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light  illumination,  and  the  use  of  a  proposed  quantitative  and 
qualitative  mean  value  of  daylight,  as  a  standard  in  artificial 
illumination.  The  writer  believes  that  no  such  standard  can 
be  established,  or  used  if  established,  for  the  simple  reason  that 
it  is  impossible  to  reproduce  artificially  the  quality  of  daylight, 
properly  so  called,  and  without  its  peculiar  quality,  its  quantity 
would  be  unbearable. 

The  daylight  actually  used  by  the  human  eye  for  purposes  of 
ordinary  vision,  is  rarely  the  light  of  the  sky,  but  the  light  of 
the  sky  reflected  from  the  usually  soft  and  colored  surfaces  of 
nature.  Only  occasionally  are  our  eyes  raised  sufficiently  above 
the  horizon  to  bring  the  center  of  vision  within  the  region  of 
"skylight,"  and  if  long  retained  in  this  position  the  result  is 
certainly  anything  but  pleasant  even  with  a  sky  considerably 
overcast. 

Measurements  of  wave  length  and  intensity  of  daylight  taken 
from  any  part  of  the  sky  cannot  therefore  be  taken  as  a  criterion 
for  artificial  illumination.  The  need  is  for  measurements  of 
the  wave-length  and  intensity  of  the  light  actually  reflected  into 
the  eye  from  the  environment — not  measurements  taken  in  any 
particular  direction,  but  a  mean  value  of  the  light  coming  in  every 
direction  below  the  normal  angle  of  the  eye-brows.  All  direct 
light  above  this  angle  should  be  effectually  shut  off. 

In  seeking  to  apply  such  a  standard,  it  must  be  remembered, 
however,  that  in  our  life  out-of-doors  nature  presents  to  us  an 
almost  infinite  variety  of  colors  and  tones.  There  is  no  such 
thing  in  natural  light  as  a  normal  or  average,  and  even  the 
actual  arrangement  of  colors  and  tones  that  the  eye  receives  at 
any  instant  is  very  different  from  the  colors  and  tones  of  the 
instant  before.  In  nature  all  is  in  constant  kaleidoscopic  change. 
The  eye  is  never  given  an  opportunity  to  weary  or  grow  fatigued 
with  any  single  combination,  and  over  all  is  thrown  a  wonderful 
interlacing  of  shadows  and  darker  spots  and  regions  that  greatly 
tone  down  the  whole  landscape  and  add  much  to  its  restfulness. 
Nature,  you  will  observe,  is  very  chary  of  the  use  of  high  lights. 
Her  white  is  always  mixed  with  gray. 

Then  too,  there  is  no  confinement.  It  is  well  enough  to  talk 
of  2000  horizontal  foot-candles  when  the  area  in  question  is  a 
circle  perhaps  ten  miles  across ;  when  the  light  source  is  ap- 
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proximately  90,000,000  miles  away,  and  when  there  are  no  walls 
and  no  ceiling.  Imagine  any  such  intensities  in  the  largest  room 
you  please,  with  the  light  source,  relatively  speaking,  just  above 
your  head. 

It  is  impossible  to  reproduce  indoors  an  environment  in  any  way 
approaching  nature,  and  without  the  environment  both  the  quality 
and  quantity  of  the  light  must  be  correspondingly  altered. 

The  criterion  for  artificial  illumination  cannot  be  settled  by 
light,  but  by  the  eye.  That  light  which  experience  and  physi- 
ology shows  us  to  be  the  best  under  each  set  of  conditions  is  the 
proper  light  under  those  conditions,  and  not  some  other  quality 
and  quantity  of  light  suitable  for  some  totally  different  set  of  con- 
ditions. That  the  eye  has  evolved  under  the  stimulus  of  reflected 
daylight  in  one  environment,  can  furnish  no  test  to  the  adaptabil- 
ity of  the  organ  to  the  stimulus  that  would  be  applied  to  if  by  day- 
light reflected  from  a  totally  different  environment. 

There  is  one  more  point  I  desire  to  present,  in  connection, 
however,  with  Prof.  Nichols'  paper  referred  to  by  the  author 
of  the  paper  under  discussion. 

Prof.  Nichols  draws  attention  to  the  fact  that  "the  maximum 
01  illumination  for  the  normal  eye  is  in  the  same  region  of  the 
spectrum  as  the  maximum  of  the  energy  curve  of  sunlight." 
This  coincidence  he  rightly  attributes  to  evolution,  but  the  co- 
incidence is  not  principally  due,  I  think,  to  energy  relations,  as 
his  paper  leads  one  to  suppose.  It  is  largely  a  matter  of  color 
relations.  If  it  were  a  matter  of  energy,  only  we  should  expect 
that  all  eyes  developed  under  the  stimulus  of  sunlight  would  have 
the  maximum  of  illumination  in  the  same  region  of  the  spectrum. 
This  is  not  true.  (See  ''The  Colour  Sense''  Grant  Allen;  "A 
Study  of  the  Image-forming  Power  of  Various  Types  of  Byes," 
Cole,  N.  J.;  Proc.  Am.  Acad.  Arts  and  Sciences,  1907;  Minkie- 
wicz,  R.,  Arch,  de  Zool.  Bxpcr.  et  Gen.,  1907;  H.  S.  Jennings, 
"The  Behavior  of  the  Lower  Animals."  Much  has  been  written 
on  this  subject  that  is  of  vital  interest  in  this  connection.  The 
fact  is  that  the  eye  is  most  sensitive  in  that  region  of  the  spec- 
trum wnich  enables  the  organism  to  react  to  its  environment  with 
the  most  useful  results,  as  to  food-getting  and  bodily  protection. 
Higher  aesthetic  features  of  color  reaction  make  their  appearance 
in  man  and  greatly  complicate  the  problem.     Interesting  con- 
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elusions  should,  however,  be  drawn  from  the  very  general  use  of 
green  and  yellow  as  basic  pigments  in  nature. 

Professor  Cattell,  in  Ward  and  Oliver's  "System  of  the  Di- 
seases of  the  Bye''  draws  attention  to  the  fact  that  on  purely 
biological  grounds  the  color  for  which  the  human  eye  should  be 
best  adapted  as  to  visual  powers  is  yellow,  since  the  environment 
under  the  influence  of  which  the  eye  has  been  primarily  developed 
in  previous  geological  ages  was  of  a  general  yellowish  tone, 
and  ability  to  distinguish  varieties  of  shade  or  intensity  in  this 
tone  would  have  been  most  useful.  In  later  periods,  the  envir- 
onment become  generally  greenish  yellow  and  even  green  in 
tone,  and  under  these  conditions  powers  of  vision  in  green 
light  would  be  superimposed  on  those  in  yellow  light.  The 
modern  eye  having  behind  it  the  influence  of  the  phylogenetic 
accumulations  of  countless  generations  living  under  such  condi- 
tions should  indicate  in  the  reactions  produced  during  its  post 
natal,  or  ontogenetic,  development  a  characteristic  lack  of  inter- 
est in  those  tones  or  shades  for  which  it  is  primarily  adapted, 
and  a  characteristic  intensity  of  reaction  and  interest  in  more  or 
less  novel  colors. 

The  above  relation  is  found  to  exist.  The  first  colors  to 
which  the  infant  reacts  with  interest  are  blues  and  reds — not 
yellows,  greens  or  whites.  The  perception  of  these  last  three 
colors  being  productive  of  little  or  no  interest.  Binet  {Revue 
Philosophique  for  1890)  shows  that  yellow  is  productive  of  the 
least  interest.  He  places  white  between  green  and  yellow,  but 
Baldwin,  Shinn  and  recent  investigators  have  placed  green  be- 
tween white  and  yellow.  The  writer  has  himself  conducted  a 
series  of  experiments  on  the  infant's  eye  with  a  view  to  deter- 
mining what  relation,  if  any,  exists  between  environment  and  the 
reaction  to  intensity  and  color  of  light,  the  results  of  which  he 
hopes  to  present  to  this  Society  in  due  time.  His  results  so 
far  quite  bear  out  the  latter  order,  but  he  is  even  disposed  to  con- 
sider white  in  a  confined  environment  even  still  less  normal — in 
fact  under  many  conditions,  white  is  productive  of  a  subjective 
excitement  quite  deleterious. 

The  above  shows,  I  think,  the  necessity  of  considering  the 
many  factors  not  purely  physical,  brought  into  play  before  any 
empirical  standard  of  intensity  and  color  of  artificial  light  is 
accepted. 
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Two  interesting  approximate  results  of  these  experiments 
may  however,  be  given  here.  i.  The  proper  intensity  of  per- 
fectly diffused  light  appears  to  vary  somehow  with  the  volume  of 
the  enclosed  lighted  space.  The  factor  of  variation  is  different  with 
different  colors  of  light  and  environment.  2.  Artificial  light 
of  a  predominating  yellow  or  greenish  tone  is  far  less  excitable 
in  the  case  of  the  normal  eye  and  consequently  will  be  in  the 
long  run  less  injurious  even  than  white  light  which  produces  an 
unnatural  nervous  reflex  (note  the  restful  effect  of  the  cool  nat- 
ural greens  and  yellows  used  in  decoration).  Practical  application 
of  these  results  may  be  made  with  regard  to  certain  forms  of 
vapor  lamps,  and  in  proper  tinting  of  reflectors  for  general  use 
with  tungsten  lamps  and  similar  illuminants  approaching  the 
characteristics  of  pure  white  light.  The  results  may  also  be  of 
service  in  selecting  the  color  of  illuminants  whose  light  is  to  be 
reflected  for  decorative  environments  of  any  given  tone  and  color. 


THE  INTEGRATING  SPHERE  IN  INDUSTRIAL 
PHOTOMETRY.^ 


BY    CIvAYTON    H.    SHARP   AND    PRESTON    S.    MIIyl^AR. 


The  need  for  suitable  appliances  to  facilitate  the  determina- 
tion of  the  mean  spherical  candle-power  or  of  the  total  luminous 
flux  from  sources  of  light  is  one  which  has  made  itself  felt 
in  practical  photometry  quite  recently.  Those,  however,  who 
have  gone  into  the  subject  of  photometry  more  from  the  theoreti- 
cal side  have  long  realized  the  importance  of  these  quantities, 
and  have  endeavored  to  anticipate  the  need  for  appliances  with 
which  they  might  be  determined. 

As  far  back  as  the  exhibition  of  the  Franklin  Institute  in 
Philadelphia  in  18S4,  measurements  were  made  of  the  mean 
spherical  candle-power  of  incandescent  lamps,  and  through  these 
measurements  this  term  was  introduced  into  lamp  practice  in 
this  country,  though  its  real  significance  remained  obscured  for 
many  years. 

The  method  used  by  these  early  experimenters  was  to  deter- 
mine the  actual  candle-power  of  the  lamp  in  a  large  number  of 
different  directions  uniformly  distributed  over  an  imaginary 
sphere  surrounding  the  lamp.  This  method,  which  has  been 
employed  many  times  since  that  day,  is  very  laborious,  but  leads 
to  substantially  correct  results. 

Blondel  in  1892,  was  the  first,  we  believe,  to  propose  the 
use  of  an  integrating,  or  summation,  apparatus  whereby  a 
measure  could  be  obtained  of  the  mean  spherical  candle-power 
or  of  the  total  flux  at  one  setting,  and  he  reduced  his  ideas  to 
the  form  of  a  concrete  apparatus  which  he  called  a  lumenmeter. 

Dr.  Kennelly  has  more  recently  produced  a  lumenmeter  founded 
on  quite  a  different  principle  in  which  mechanical  integra- 
tion is  employed. 

The  most  successful  summation  devices  hitherto  have  been 
the  integrating  photometers  of  the  late  Prof.  C.  P.  Matthews. 
These  ingenious  devices  have  been  used  with  great  success  and 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 
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have  contributed  considerably  to  the  progress  of  the  art  in  this 
country. 

The  simplest  form  of  integrator  is  one  which  was  first  put  into 
practical  form  by  Ulbricht  in  1900  and  which  often  goes  under 
the  name  of  the  Ulbricht  Sphere. 

Ulbricht's  integrator  consists,  briefly  of  a  hollow  sphere  con- 
taining the  source  of  light,  and  coated  inside  with  a  white 
diffusing  paint.  Into  the  side  of  the  sphere  is  set  a  small  win- 
dow of  diffusing  glass,  the  brightness  of  which,  when  the  direct 
lays  of  the  light  are  screened  from  it,  measures  the  total  luminous 
flux  within  the  sphere. 

The  integrating  sphere  has  been  used  abroad  in  a  few  lab- 
oratories, chiefly  in  the  study  of  arc  lamps.  Spheres  have  been 
built  also  for  the  study  of  incandescent  electric  lamps.  De- 
scriptions and  discussions  of  the  sphere  have  appeared  in  the 
foreign  technical  press  during  the  past  eight  years.  Possibly 
because  the  Matthews  integrating  photometer  has  been  used  in 
the  leading  photometric  laboratories  in  this  country,  we  have 
been  slow  to  investigate  the  merits  of  the  integrating  sphere,  al- 
though its  simplicity  and  other  meritorious  features  have  been 
appreciated. 

The  use  of  the  hollow  sphere  as  a  photometrical  integrat- 
ing device  is  founded  on  the  following  theoretical  considerations : 

THEORY   OF   INTEGRATING  SPHERE. 

If  a  source  of  light  having  a  uniform  distribution  of  candle- 
power  is  suspended  at  the  center  of  a  hollow  sphere,  the  illumi- 
nation at  any  point  of  the  surface  of  the  sphere  is  propor- 
tional to  the  mean  spherical  candle-power  or  to  the  total  luminous 
flux  of  the  source.  If,  however,  the  source  be  moved  away 
from  the  center,  this  relation  no  longer  is  true.  Now,  let  the 
interior  of  the  sphere  be  coated  with  a  white,  diffusely  reflecting, 
coating,  obeying  Lambert's  law.  With  such  a  coating  in  place, 
the  illumination  at  any  point  of  the  surface  may  be  regarded 
as  being  made  up  of  two  component  parts;  first,  that  due  to 
the  light  falling  on  it  directly  from  the  source,  and  second,  that 
due  to  reflection  from  all  other  portions  of  the  surface  of  the 
sphere. 

If  the  source  of  light  is  not  centered  in  the  sphere,  or  if  its 
candle-power   distribution  is  irregular,  the  illumination   due  to 
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the  first  component  will  be  non-uniform,  but  the  component  of 
illumination  due  to  reflection  from  other  parts  of  the  sphere 
will  be  uniform  in  all  cases  and  will  be  proportional  to  the  total 
flux  of  light  of  the  source  and  independent  of  the  distribution 
of  the  same.  Therefore,  by  isolating  and  measuring  this  com- 
ponent of  illumination,  a  measure  of  the  total  flux  is  obtained. 

That  the  illumination  on  any  portion  of  the  interior  of  the 
sphere  due  to  the  light  reflected  from  any  other  portion  is  in- 
dependent of  the  position  of  the  latter  and  depends  on  its  area 
and  its   surface  brightness  only,   may  be  proved  as   follows: 

In  a  sphere  of  radius  r  the  illumination  at  a  point  C  pro- 
duced by   light  emitted  by  another  portion   of  the   surface  of 


Fig.  I. — Diagram  of  Relation  of  Integration. 

area  A  A  at  a  distance  d  from  the  first,  under  the  assumption 
that  the  surface  obeys  Lambert's  law  both  for  emission  and 
for  incidence,  will  be, 

,  ^       ^AA  co>'^ 

^^  =  a  - 

in  which  e  is  the  intrinsic  brightness  of  the  area  A  A  considered 
as  a  source  of  light.  Substituting  for  d  its  va  ue  2/  cos  ^,  there 
is  obtained, 

AE=- ^. 

The  absence  of   any  variable   distance   or  angle   in   the   above 


SHARP    AND    MIIvIvAR:    INTe:GRATING    SPHE:rE  505- 

equation  shows  that  this  illumination  is  independent  of  the  lo- 
cation of  the  area  AA.  Hence  each  element  of  the  surface  of 
the  sphere  will  contribute  to  the  point  C  an  intensity  of  illumi- 
nation which  is  directly  proportional  to  the  illumination  which 
it  itself  receives  or  to  the  flux  of  light  which  it  receives.  The 
total  illumination  at  the  point  C  will  therefore  be  proportional 
to  the  total  flux  of  light  falling  on  the  interior  of  the  sphere ;  that 
is,  to  the  total  luminous  flux  of  the  lamp  which  the  sphere  en- 
closes. 

In  the  practical  application  of  the  above  principle  a  hollow 
sphere,  which  is  coated  within  with  a  very  dull  surfaced  white 
paint  and  is  so  arranged  that  a  lamp  or  lamps  may  be  placed 
inside  it,  has  a  small  opening  or  window,  conveniently  located, 
which  is  filled  with  a  piece  of  depolished  white  glass,  one  sur- 
face of  the  glass  being  made  the  continuation  of  the  inner  sur- 
face of  the  sphere.  To  meet  the  condition  that  the  window 
shall  be  illuminated  only  by  light  reflected  from  the  rest  of  the 
sphere,  a  small  white  screen  is  interposed  between  the  lamp  and 
the  window. 

The  presence  of  this  screen,  the  indirect  consequences  of  which 
are  not  taken  account  of  in  the  simple  theory  of  the  sphere  as 
given  above,  introduces  the  only  serious  source  of  difficulty  of 
error  in  connection  with  this  method  of  integration.  As  a 
disturbing  factor  the  screen  acts  in  two  ways,  first  by  preventing 
the  light  from  certain  portions  of  the  sphere  from  illuminating 
the  window,  which  is  partially  compensated  for  by  the  light 
reflected  from  the  side  of  the  screen  which  is  turned  towards  the 
window  and,  second,  by  preventing  some  of  the  flux  of  the  lamp 
from  reaching  the  surface  of  the  sphere  directly.  The  latter 
effect  is  partially  compensated  for  by  the  light  reflected  from 
the  side  of  the  screen  which  is  towards  the  lamp.  The  magni- 
tude of  each  effect  varies  with  the  size  of  the  screen.  With  very 
small  sources  of  light  such  as  an  open  arc  the  screen  can  be  very 
small  and  these  effects  will  be  negligible  even  with  spheres  of 
small  diameter.  With  sources  of  large  size  such  as  arc  lamps 
with  opal  globes,  the  screen  must  have  a  very  considerable  size 
and  the  error  which  it  may  produce  has  a  corresponding  magni- 
tude unless  the  size  of  the  sphere  is  also  correspondingly  in- 
creased.    Accordingly  spheres  have  been  built  as  large  as  three 
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metres  in  diameter.  With  smaller  spheres  where  screen-errors 
cannot  be  sufficiently  reduced  by  proper  construction  and  loca- 
tion, recourse  may  be  had  to  the  use  of  a  partially  translucent 
screen.  The  degree  of  translucency  must  be  found  by  experi- 
ment such  that  the  light  which  the  screen  transmits  to  the  win- 
dow exactly  compensates  for  the  loss  caused  in  other  ways  by  the 
presence  of  the  screen. 

During  the  past  two  years  experiments  have  been  made  with 


Fig.  2. — Eighteen-inch  Integrating  Sphere  Equipped  with  Photometer, 


integrating  spheres  at  the  Electrical  Testing  Laboratories  in 
New  York  with  uniformly  favorable  results.  Four  different 
sizes  of  spheres  have  been  used.  Three,  respectively  ii  inches, 
1 8  inches  and  30  inches  in  diameter,  have  been  used  with  incan- 
descent lamps  (Figs.  2  and  3).  One  approximately  80  inches 
in  diameter  (Figs.  4  and  5)  has  been  provided  for  tests  of  arc 
lamps  and  large  incandescent  lamps,  gas  lamps,  etc. 
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DESCRIPTION   OF   SPHERE. 

As  means  of  meeting  photometric  requirements  are  of  par- 
ticular interest  to  the  membership  of  this  Society,  the  construc- 
tion of  spheres  will  be  described  from  the  photometric  rather 
than  from  the  mechanical  standpoint.  The  18-inch  sphere  illus- 
trated in  Fig.  2  is  typical  of  the  smaller  spheres.  It  is  provided 
with  a  hinged  door,  A,  through  which  the  test-lamp  is  inserted. 
B  is  a  shaft  on  the  lower  end  of  which  a  screw-thread  socket  is 


Fig.  3.— Thirty-inch  Integrating  Sphere  Equipped  with  Photometer. 


fixed.  As  shown  in  the  cut,  this  shaft  and  socket  may  be  turned 
by  pulling  a  cord  which  passes  over  the  shaft  pulley.  To  mount 
an  incandescent  lamp  in  the  sphere,  it  13  necessary  merely  to 
thrust  the  lamp  base  into  the  socket  and  rotate  the  latter  by 
means  of  the  cord  until  the  lamp  is  screwed  home.  A  reversal 
of  this  procedure  unscrews  the  lamp.  C  is  a  small  window  fitted 
with  translucent  glass  having  the  property  of  substantially  uni- 
form transmission  of  light  of  all  wave-lengths  throughout  the  visi- 
ble spectrum.  The  brightness  of  this  translucent  glass  as  viewed 
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through  the  photometer  from  D,  is  proportional  to  the  total 
light  flux  of  the  source  in  the  sphere. 

Between  the  light-source  and  the  translucent  glass  window  is 
placed  a  screen  of  the  same  kind  of  translucent  glass  with  which 
the  window  is  equipped.  This  screen  is  reduced  to  the  smallest 
possible  dimensions,  the  only  requirement  being  that  all  parts  of 
the  light-source  shall  be  obscured  from  the  translucent  glass 
window. 

The  interior  of  the  sphere  is  provided  with  a  white  diffusing 


Fig.  4.— Eighty-inch  Integrating  Sphere  Equipped  with  Photometer. 

coating  in  the  selection  of  which  the  following  necessary  feat- 
ures have  been  considered: — 

Nearest  approach  to  perfect  dififusion. 
Absence  of  selective  absorption. 
Permanency  of  surface. 

All  exposed  interior  parts  of  the  sphere,  such  as  lamp  mount- 
ings, etc.,  are  covered  with  the  same  coating. 

The  large  sphere  illustrated  in  Figs.  4  and  5  is  composed  of 
hemispheres  separated  along  a  vertical  plane,  and  mounted  upon 
flanged  wheels  running  on  rails  so  that  the  hemispheres  may  be 
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separated  readily.  The  door  A  is  provided  in  order  to  give 
access  to  a  standard  lamp  socket  F  (Fig.  5).  The  translucent 
glass  window  C  is  shown  in  Fig.  5.,  while  the  photometer  attached 
to  it  is  shown  in  Fig.  4.  The  light  from  the  standard  lamp  F  Is 
obstructed  in  the  direction  of  the  window  C  by  a  translucent 
screen  shown  in  Fig.  5.  The  light-source  to  be  tested  may  be 
located  in  any  part  of  the  sphere.     The  apparatus  in  this  case  is 


Fig  5. — Interior  of  Eighty-inch  Integrating  Sphere. 

designed  particularly  for  use  with  arc  lamps,  which  are  inserted 
through  an  aperture  in  the  top  of  the  sphere,  or  by  separating 
the  hemispheres.  Other  illuminants  may,  if  desired,  be  inserted 
through  an  aperture  in  the  bottom  of  the  sphere,  (not  shown  in 
illustration)  In  all  cases,  however,  the  translucent  screen  H 
must  be  so  located  as  to  screen  the  light-source  under  test  from 
the  window,  C.  In  other  respects,  the  large  sphere  is  con- 
structed along  lines  similar  to  those  of  the  small  spheres. 
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SOME  DIFFICULTIES  ENCOUNTERED  IN  THE  USE  OF  THE  SPHERE. 

A  light  source  having  a  large  surface  absorbs  a  certain  per- 
centage of  the  total  light  flux  in  a  sphere.  Thus  the  frosting  on 
a  lamp  bulb  in  a  small  sphere,  and  an  opal  arc  lamp  globe  in  a 
large  sphere,  may  absorb  enough  light  to  reduce  the  illumination 
upon  the  translucent  glass  window  materially.  To  obviate  this 
difficulty,  the  larger  spheres  are  standardized  by  an  incandescent 
electric  lamp  standard,  after  the  lamp  to  be  tested  has  been  placed 
in  the  position  which  it  will  occupy  during  the  test.  By  this 
means  the  absorption  by  the  test  lamp  is  compensated  for. 

In  the  smaller  sphere,  the  best  means  of  overcoming  the 
difficulty  of  light  absorption  is  to  use  standard  lamps  of  the 
same  character  as  those  to  be  tested,  relying  upon  the  substi- 
tution method  implicity. 

Examples  of  the  errors  encountered  in  this  connection  are 
as   follows : — 

Absorption  of  light  by  12-in.  opal  globe  in  80-in  sphere 3% 

Absorption  of  light  by  enclosed  arc  lamp  in  80-in.  sphere 5^ 

Absorption  of  light  by  discolored  bulb,   i6-c.p.  lamp  in  ii-in.  sphere- . .    1% 

As  has  been  pointed  out  above,  the  screen  between  the  lamp 
and  the  translucent  window  is  the  chief  source  of  error  in  the 
sphere ;  hence,  it  is  to  this  feature  of  construction  and  arrange- 
ment that  the  experimental  study  of  the  authors  has  been  chiefly 
directed.  As  a  convenient  means  of  testing  the  screening  ar- 
rangement, use  has  been  made  of  an  incandescent  lamp  with  very 
dissymmetrical  light  distribution  produced  by  painting  one  side 
of  the  bulb  black. 

Tests  of  small  spheres  with  a  lamp  of  distorted  light  distri- 
bution, as  described  above,  have  shown  that  when  an  opaque 
screen  is  used  and  the  unobstructed  light  from  the  lamp  falls 
upon  that  portion  of  the  interior  surface  of  the  sphere  which  is 
opposite  the  window,  the  latter  is  brighter  than  when  the  same 
area  of  the  sphere  is  covered  by  the  shadow  due  to  the  opacity 
of  the  side  of  the  lamp  bulb  which  is  painted  black.  This  result 
indicates  that  the  illumination  of  the  window  is  influenced  too 
little  by  the  light  which  falls  upon  the  opaque  screen.  Examples 
showing  the  extent  of  this  effect  appear  in  the  following: — 
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DECREASE  IN  WINDOW  II^IyUMINATlON  WHEN  SHADOW  I^ROM  LAMP 
BUI.B    ^ALIvS    UPON    SIDE    OF    SPHERE    OPPOSITE    WINDOW. 

Diameter  of  sphere.  Per  cent,  decreased 

Inches  window  illumination 

l8  II 

30  6 

80  negligible 

The  screen  must  be  of  sufficient  size  to  screen  effectually  all 

parts  of  the  light-source  from  the  window.     Since  it  is  desirable 

to  use  always  one  and  the  same  screen,  it  is  necessary  to  employ 

a  screen  approaching  in  size  the  largest  light-source  to  be  tested, 

the  particular  size  varying  with  the  location  of  the  screen  in  the 

sphere.     Under  these  circumstances,  it  has  been  found  that  when 

an  opaque  screen  is  used,  the  accuracy  of  results  is  dependent 

upon  the  size  of  the  light-source  tested.     So,  for  example,  in  the 

80-in.  sphere  the  following  differences  have  been  found  between 

results  obtained  with  an  opaque  screen  of  the  size  which  it  is 

desirable  to  use,  and  those  obtained  with  the  smallest  opaque 

screen  which  could  be  used  in  connection  with  the  particular 

light-source   investigated. 

Per  cent,  diflference  between 
determinations  with  large 
Lamp  and  small  opaque  screens 

100  c. p.  carbon  filament 2 

32-c.p.  carbon  filament 3 

16-C. p.  carbon  filament 4 

8-c.p.  carbon  filament 5 

4-c.p.  carbon  filament  (sign  lamp)  /       10 

2-c.p.  carbon  filament  (sign  lamp)  10 

These  data  indicate  that  if  an  opaque  screen  were  used  an 
arc  lamp  with  an  opal  globe  would  receive  an  undue  advantage 
in  comparison  with  the  same  lamp  equipped  with  a  clear  glass 
globe 

Errors  due  both  to  opacity  of  the  screen  and  to  variations  in 
the  relation  between  its  size  and  that  of  the  light-source  may 
be  eliminated  by  substituting  for  the  opaque  screen  one  of  a 
particular  translucency.  The  correct  translucency  must  be  ar- 
rived at  empirically.  It  varies  with  sphere-diameter  and  with 
the  screen-location.  When  a  screen  of  correct  translucency  is 
obtained,  a  lamp  with  distorted  light-distribution  as  described 
above,  will  illuminate  the  window  uniformly,  irrespective  of  its 
orientation,  and  correct  testing  of  lamps  of  different  sizes  may 
be  made. 
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PRACTICAL  OPERATION   OF  THE  SPHERE. 

In  using  the  integrating  sphere,  entire  reUance  must  be  placed 
in  the  ''substitution"  method  of  photometry.  If  the  **substi- 
tution"  method  could  be  followed  implicitly,  the  dimensions 
screening,  etc.  could  be  varied  with  impunity.  Correct  design 
becomes  most  important  as  lamps  which  are  to  be  tested  vary 
in  type,  size  and  distribution  characteristics.  Substantially  cor- 
rect results  could  probably  be  obtained  from  an  inaccurate  sphere 
if  standard  lamps  whose  total  light-flux  had  been  determined  by 
other  approved  methods  were  available  in  sizes  and  types  similar 
to  those  which  were  to  be  submitted  to  test.  As,  however,  it 
is  not  practicable  to  keep  available  a  la^ge  supply  of  standardized 
lamps  of  various  sizes  and  types,  correct  design  is  imperative. 
Fortunately  this  result  is  attainable  with  much  less  difficulty  than 
that  experienced  with  almost  any  other  photometric  appliance. 
In  even  the  smallest  spheres  with  which  the  authors  have  had 
experience,  after  a  proper  screen  had  been  found,  little  difficulty 
has  been  encountered  in  determining  the  mean  spherical  candle- 
power  or  total  light-flux  of  any  of  the  varied  shapes  of  filaments 
encountered  when  the  sphere  had  been  standardized  by  a  lamp  of 
any  particular  filament  shape ;  that  is  to  say,  even  in  a  sphere  so 
small  as  II  inches  in  diameter,  when  correctly  designed,  the 
brightness  of  the  window  has  been  found  to  be  independent  of 
such  differences  in  light-distribution  as  are  met  with  in  practice. 
If,  however,  it  is  desired  to  test  frosted  lamps  in  one  of  the 
smaller  spheres,  then  standard  frosted  lamps  must  be  provided. 
If  it  is  desired  to  test  lamps  having  discolored  bulbs,  standardized 
lamps  in  like  condition  must  be  used.  If  this  is  not  done  a  slight 
error  may  be  encountered.  This  error  becomes  negligible  in 
spheres   i8  inches  in  diameter  and  larger. 

The  integrating  sphere  may  be  used  in  conjunction  with  exist- 
ing photometric  apparatus.  At  the  Electrical  Testing  Labora- 
tories an  1 1 -in.  sphere  has  been  used  with  small  lamps,  being 
placed  immediately  over  the  lamp  mounted  in  the  rotator  of  the 
ordinary  photometer.  The  small  translucent  glass  window  in 
this  sphere  serves  as  the  light-source,  the  illumination  produced 
by  it  being  compared  by  means  of  a  Lummer-Brodhun  contrast 
photometer  with  that  produced  by  a  comparison  lamp  at  the  other 
end  of  the  bar,  five  meters  distant. 
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The  30-in.  Sphere  illustrated  in  Fig.  3,  is  used  with  a  simple 
Lummer-Brodhun  photometer,  the  photometric  comparison  being 
made  by  moving  the  comparison  lamp  back  and  forth  in  the 
horizontal  box  shown  in  Fig.  3.  The  same  sphere  has  been  used 
also  in  connection  with  a  bar  photometer  and  Lummer-Brodhun 
box  into  which  was  fitted  a  mirror  at  such  an  angle  that  the 
translucent  window  of  the  sphere  was  seen  when  looking  into 
the  eyepiece.  The  photometer  box  was  otherwise  undisturbed. 
Settings  were  made  by  varying  the  distance  of  the  comparison 
lamp.  Thus  the  brightness  of  the  window  was  directly  com- 
pared with  the  illumination  produced  on  the  photometer  screen 
by  the  comparison  lamp.  The  i8-in.  sphere  and  the  80-in.  sphere 
illustrated  in  Figs.  2  and  4  respectively,  are  used  with  a  con- 
venient type  of  portable  photometer. 

ADVANTAGES   OF   THE   SPHERE. 

In  practice,  the  integrating  sphere  has  been  found  to  be  a  very 
practical  device,  possessing  the  following  advantageous  features: 

Simplicity  of  Construction.     The  parts  are  few  and  easily  built. 
There  is  an  entire  freedom  from  the  complication  which  has 
been  the  blight  of  other  integrating  photometers. 

No  adjustment  of  parts  necessary.  A  sphere,  when  correctly 
designed,  needs  no  adjustment.  The  only  thing  likely  to 
change  is  the  character  of  the  interior  surface,  the  coating  of 
which  may  have  to  be  renewed  from  time  to  time.  The  only 
attention  required  is  occasional  cleaning  to  prevent  dust 
from   destroying  the   surface  for  photometric  purposes. 

Absence  of  flicker  clue  to  rotation  of  lamp.  This  fact  means 
higher  precision  and  higher  speed  in  photometric  settings. 

Greater  facility  in  arc  lamp  tests.  Since  the  total  flux  of  light 
is  utilized  in  the  integration,  all  effects  due  to  the  wan- 
dering of  the  arc  are  minimized. 

Elimination  of  breakage  due  to  rotation  of  lamp.  A  very  im- 
portant item,  as  those  who  have  conducted  tests  upon  metal- 
lic filament  lamps  can  attest. 

May  be  used  in  a  light  room  where  necessary.  This  fact  ren- 
ders the  use  of  the  sphere  practicable  where  other  photom- 
eters could  not  be  employed  because  suitable  dark  rooms  are 
not  to  be  had. 
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Higher  accuracy  than  other  integrating  photometers.  A  number 
of  causes  contribute  to  this  greater  accuracy.  It  is  superior 
to  photometers  of  the  Matthews  type  in  that  it  gives  a  true 
integration  of  the  light  rather  than  a  summation.  All  values 
of  the  luminous  intensity  of  the  lamp  are  taken  account  of, 
while  in  the  Matthews  type  some  important  values  may  be 
omitted  altogether  and  have  no  influence  on  the  result 
An  example  of  this  advantage  has  been  seen  in  tests  of 
magnetite  arc  lamps. 

In  the  apparatus  vv^hich  has  been  used  in  the  Electrical  Test- 
ing Laboratories  to  determine  light  distribution  about  arc  lamps, 
mirrors  are  located  at  intervals  of  15  degrees,  one  being  at  the 
horizontal  and  another  15  degrees  below  the  horizontal.  The 
distribution  curve  of  the  magnetite  lamp  is  characterized  by  a  lobe 
between  these  two  points.  To  determine  this  distribution 
properly  for  purposes  of  integration,  the  region  between  these 
two  mirrors  must  be  explored  by  other  means.  No  difficulties 
of  this  kind  are  encountered  in  the  integrating  sphere.  A  second 
advantage  arises  from  the  fact  that  a  single  setting  integrates  the 
light  distributed  in  all  directions  rather  than  throughout  some 
particular  azmuth,  as  is  the  case  with  most  other  integrating 
photometers. 

The  need  for  a  practical  apparatus  for  the  determination  of 
total  light-flux  has  been  emphasized  of  late  years  by  the  advent 
of  many  and  varied  forms  of  illuminants  and  by  the  impetus 
given  to  the  study  of  light-sources  and  illumination  as  a  result  of 
the  movement  which  culminated  in  the  formation  of  the  Illumi- 
nating Engineering  Society.  The  comparison  Of  different  light- 
sources  which  has  become  most  necessary  and  desirable  in  late 
years  can  be  made  with  the  closest  approach  to  fairness,  prin- 
cipally through  a  consideration  of  the  total  light-flux  in  terms  of 
which  best  statements  of  lamp  efficiencies  can  be  made.  The 
study  of  illuminating  efficiencies  is  best  facilitated  through  con- 
sideration of  the  light-flux.  This  involves  a  statement  of  the 
total  light-flux  of  sources.  Thus  the  study  of  both  the  produc- 
tion and  the  utilization  of  light  is  creating  a  demand  for  a  sim- 
ple means  of  determining  light-flux. This  means  appears  to  be 
available  in  the  integrating  sphere. 
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DISCUSSION. 

Mr.  Francis  B.  Cady: — Has  any  investigation  been  made 
of  the  effect  of  the  collection  of  dust  or  dirt  on  the  inside  of  the 
sphere  on  the  diffusing  surface? 

Mr.  H.  Thurston  Owens: — Have  the  spheres  been  used  in  the 
photometry  of  gas  lamps,  such  as  gas  clusters? 

Mr.  Alfred  A.  Wohlauer: — Can  the  theory  of  the  integrating 
sphere  be  applied  to  the  pre-calculation  of  the  illumination  due 
to  reflection  from  walls  and  ceilings?  Imagine  a  plane  of  1,000 
sq.  feet  illuminated  by  160  mean  spherical  candles,  and  imagine 
furthermore  this  area  bent  into  a  sphere  of  equal  areal  contents 
and  coated  with  a  white  diffusing  paint.  To  what  an  extent 
would  the  illumination  of  this  area  be  altered  in  such  a  case. 
There  is  reflection  from  walls,  ceiling  and  floor  and  I  imagine 
that  the  factors  which  are  produced  in  the  measurements  with 
the  sphere  ought  to  be  of  interest  in  this  case  also. 

Dr.  Clayton  H.  Sharp : — In  answer  to  Mr.  Cady's  question, 
as  to  dust,  I  really  think  the  thing  to  do  is  to  take  the  dust  off. 
That  is  what  we  have  done,  and  so  have  not  made  a  study  of  the 
influence  of  dust  on  the  sphere.  I  do  not  think  dust  would 
ordinarily  affect  the  readings  a  great  deal,  because  one  must 
use  the  substitution  method  in  any  event. 

The  photometering  of  large  gas  lamps,  is  undoubtedly  entirely 
feasible.  The  large  sphere  which  is  shown  in  the  paper,  has  an 
opening  at  the  bottom,  with  a  detachable  cover  so  that  a  good 
circulation  of  air  can  be  obtained,  so  that  a  large  gas  cluster  or 
anything  of  that  kind  can  be  used  inside  the  sphere  without 
causing  any  trouble  at  all.  Of  course,  the  sphere  must  be  cali- 
brated with  the  gas  cluster  in  place,  and  with  the  cover  to  the 
lower  opening  removed,  and  with  some  protection  against  out- 
side light  entering  at  this  point.  With  these  precautions,  there 
is  no  reason  why  the  sphere  should  not  be  used  for  this  pur- 
pose. 

There  is  a  constant  to  each  sphere,  but  I  do  not  quite  see  the 
direct  connection  between  that  fact  and  the  measurement  of 
light  reflected  from  walls  and  ceilings.  Undoubtedly  as  men- 
tioned by  Mr.  Wohlauer  there  is  a  constant  to  reach  room,  as 
Messrs.  Lansingh  and  Rolph  have  determined,  and  in  that  way 
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they  are  similar,  but,  of  course,  the  constants  are  used  in  an 
entirely  different  way. 

Mr.  Carl  Hering: — (Communicated  after  adjournment).  The 
integrating  sphere  for  measuring  the  spherical  candle-power  or 
the  total  flux,  by  means  of  one  measurement,  has  been  known 
abroad  for  some  time,  but  seems  not  to  have  been  satisfactory. 
It  would  therefore  be  interesting  to  know  in  what  particulars  the 
one  described  in  this  paper  differs  from  the  original  form ;  and 
how  the  objections  to  the  latter  have  been  overcome. 

If  it  measures  the  total  flux  or  mean  spherical  candle-power 
correctly,  then  it  must,  of  course,  give  a  constant  reading  if  the 
lamp  were  replaced  by  a  small  search  lamp  which  throws  out 
all  the  light  in  one  small  intense  beam,  and  if  this  beam  be 
directed  to  different  parts  of  the  sphere.  It  would  be  interest- 
ing to  know  what  the  results  of  this  rather  severe  test  would 
be.  From  my  examination  of  the  apparatus  exhibited,  I  should 
expect  the  error  to  be  great  when  such  a  beam  is  directed  to 
the  surface  near  the  test  screen,  as  the  latter  was  recessed  about 
1/16  in.  behind  the  surface  of  the  sphere,  which  would  shield 
it  from  quite  a  large  part  of  this  sphere  near  it.  Moreover,  the 
translucent  screen,  which  shields  the  test  screen  from  the  direct 
rays,  casts  a  large  and  decided  shadow  on  the  spherical  sur- 
face. As  I  understand  it,  theory  would  require  that  this  should 
not  cast  a  shadow  when  it  is  made  as  large  as  it  is. 

In  view  of  Dr.  Sharp's  criticism  of  a  paper  which  I  read  at 
the  Convention,  it  is  of  interest  to  note  that  in  his  paper  on  this 
sphere,  he,  himself,  several  times  uses  the  terms  "mean  spherical 
candle-power"  and  ''total  luminous  flux"  synonymously,  as  rep- 
resenting the  same  thing  except  as  to  a  coefficient;  and  as  it  is 
well  known  that  a  coefficient  cannot  change  the  physical  nature 
of  a  quantity,  he,  himself,  considers  these  two  quantities  to  be 
physically  the  same. 

Dr.  Clayton  H.  Sharp: — (By  letter).  Mr.  Hering  assumes 
that  the  sphere  in  foreign  practice  has  proven  unsatisfactory.  He 
should  give  his  reasons  for  such  assumption.  The  authors  have 
quite  the  contrary  impression  which  has  been  so  strong  that  we 
have  considered  that  this  type  of  integrator  merited  being  brought 
more  directly  to  the  attention  of  photometrists  in  this  country 
than  has  previously  been  done.     The  spheres  with  which  we  have 
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worked  do  not  differ  at  all  in  principle  from  those  which  have 
been  used  abroad :  only  the  details  of  arrangement  are  different. 
Moreover  they  are  satisfactory  integrators  and  convenient  ar- 
rangements. 

The  search-lamp  test  which  Mr.  Hering  proposes  would  be 
a  most  severe  one  and  would  undoubtedly  reveal  an  inaccuracy 
of  any  sphere,  since  the  integration  is  not  perfect  in  any  one, 
due  to  causes  outlined  in  the  paper.  The  authors  have  contented 
themselves  with  tests  of  a  less  academic  character  designed  to 
bring  out  the  qualities  of  the  sphere  under  conditions  more 
approximating  those  of  actual  practice. 

Mr.  Hering  has  fallen  into  the  error  of  confusing  the  apparatus 
exhibited  with  that  on  which  our  experiments  were  made.  The 
latter  may  have  mechanical  shortcomings  which  the  manufactures 
have  not  as  yet  corrected  and  it  has  not  as  yet  been  tested 
photometrically.  As  to  the  interesting  shadow  which  Mr.  Hering 
finds  I  am  moved  to  remark  that  the  real  object  of  the  screen 
is  to  cast  a  shadow.  Mr.  Hering  will  doubtless  find  a  more 
careful  study  of  the  theory  of  the  sphere  enlightening  on  this 
point. 

In  the  conclusion  to  his  discussion  Mr.  Hering  takes  occasion 
to  refer  to  some  remarks  made  by  myself  in  the  course  of  a  dis- 
cussion of  his  paper.  He  here  gives  the  coup  de  grace  to  the 
same  man  of  straw  which  he  spent  so  much  energy  in  demolishing 
in  his  reply  to  my  discussion  of  his  paper.  He  assumes  that  I 
said  that  the  ''spherical  candle"  could  not  be  used  as  a  unit  of 
flux,  and  he  seeks  laboriously  to  prove  my  error.  As  a  matter 
of  fact  I  said  that  we  can  make  the  unit  of  flux  one  spherical 
candle.  My  contentions  were  that  it  had  never  been  done  until 
Mr.  Hering  did  it  and  that  since  such  a  unit  is  unnecessary,  sup- 
erfluous and  at  variance  with  the  established  system  of  units,  its 
introduction  serves  no  good  purpose  and  is  in  direct  opposition 
to  the  expressed  design  of  Mr.  Hering's  paper,  namely  the  clari- 
fying of  our  ideas  in  regard  to  the  nature  and  interrellations 
of  the  photometric  units.  Moreover,  most  of  these  contentions, 
I  think,  Mr.  Hering  in  his  reply  to  my  remarks  has  admitted 
to  be  true. 


THE  CALCULATION  OF  ILLUMINATION  BY  THE 
FLUX  OF  LIGHT  METHOD^ 


BY  J.  R.   CRAVATH  AND  V.  R.  LANSINGH. 


It  is  the  object  of  this  paper  to  give  certain  methods  employed 
by  the  authors  for  a  number  of  months  past  in  calculating  the  il- 
lumination of  large  interiors  and  to  show  the  practical  application 
of  the  excellent  suggestions  made  by  Dr.  Clayton  H.  Sharp 
in  his  presidential  address  before  the  first  annual  convention  of 
the  Illuminating  Engineering  Society  at  Boston  July  30,  1907. 
The  authors  expressed  the  opinion  at  that  time  that  the  simple 
methods  suggested  by  Dr.  Sharp  would  be  of  considerable  prac- 
tical value,  and  immediately  upon  the  close  of  the  convention 
worked  out  methods  of  applying  them  in  every-day  engineering 
practice. 

In  this  paper  no  attempt  will  be  made  to  describe  in  detail 
the  methods  of  calculating  illumination  which  were  common  pre- 
vious to  the  time  Dr.  Sharp  delivered  his  address,  and  which  are 
now  generally  used.  The  most  common  m.ethod  where  accurate 
calculations  were  made  was  to  plot  a  rectangular  curve  of  illum- 
ination with  the  polar  photometric  curve  of  a  single  lamp  as  a 
basis.  If  there  were  a  number  of  sources  of  light  in  a  room 
the  distance  of  each  from  any  given  point  was  determined,  pre- 
ferably by  a  drawing  made  to  scale.  By  adding  together  the  il- 
lumination obtained  from  the  various  sources  the  total  illumina- 
tion on  any  one  point  could  be  found.  This  point-by-point  meth- 
od has  been  fully  described  in  Chapter  IV  of  "Practical  Illumin- 
ation," by  the  authors,  and  in  other  engiiieering  literature.  Its 
principal  drawback  is  the  amount  of  labor  involved.  It  may  be 
in  order  here  to  call  attention  to  an  error  of  application  which 
has  frequently  crept  into  calculations  by  the  point-by-point  meth- 
od and  also  into  actual  measurements.  To  approximate  the 
true  average  illumination  on  a  working  plane,  one  must  select  a 
sufficient  number  of  points  equally  spaced  over  the  entire  plane. 
The  illumination  must  be  calculated  or  measured  for  all  these 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 
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points.  For  example,  in  Fig.  i,  suppose  the  source  of  light  to  be 
hung  over  the  middle  of  the  center  circular  area  A.  Assume  the 
illumination  of  area  A  to  be  4  foot-candles,  B  3  foot-candles,  C 
2  foot-candles,  and  D  i  foot-candle.  The  incorrect  method  fre- 
quently used  is  to  take  the  average  of  these,  or  2.5  foot  candles, 
as  the  average  of  the  whole  area.  The  correct  method  is  to 
multiply  the  illumination  by  the  area  covered  and  take  the  mean 
of  these  results ;  or,  in  other  words,  to  obtain  the  weighted  mean 


Fig.  I. — Diagram  of  Concrete  Areas. 

of  the  various  circles.     Let  the  diameter  of  A=i,  6=3,  C=5 
and  D=7. 

Then  the  area  A  =  —  i^  =  —  i 

4  4 

4  4 

4  4 

The  weighted  mean  of  the  illumination  will  then  be 

—   r  (1X4  ft. -candles) +  (8X3  ft.-candles)+(i6X2  ft.-candles)4-(24Xi  ft.-candles)"] 

TT 

The  true  average  is  therefore  1.72  foot-candles  instead  of  2.5 
foot-candles. 

The  suggestion  advanced  by  Dr.  Sharp  was  to  the  effect  that 

the  total  amount  or  flux  of  light  given  out  from  the  lamps  be 

calculated  in  lumens  to  determine  the  amount  of  light  available, 

and  that  the  average  intensity  of  illumination  in  foot-candles  on 

5 


=  1.72. 
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the  working  plane  it  is  desired  to  illuminate  be  determined  from 
the  number  of  lumens  falling  on  that  plane. 

The  lumen,  according  to  English  standards,  may  be  defined  as 
the  amount  of  light  falling  on  a  surface  i  ft.  square,  when  it  is 
evenly  illuminated  to  an  intensity  of  i  foot-candle.  Thus,  if 
a  source  of  light  giving  i  candle  power  in  all  directions  be  placed 
in  the  center  of  a  sphere  of  i  ft.  radius,  each  square  foot  surface 
of  that  sphere  would  receive  one  lumen ;  and  since  the  surface  of 
a  sphere  is  47r,  or  12.57,  times  the  square  of  the  radius,  a  sphere 
of  I  ft.  radius  will  have  a  surface  of  12.57  sq.  ft.  A  lamp  of  i 
mean  spherical  candle  power  illuminating  12.57  sq.  ft.  with  an 
illumination  of  i  foot-candle  would,  therefore,  be  giving  out 
12.57  lumens.  The  number  of  lumens  given  out  by  a  lamp  is, 
therefore,  the  mean  spherical  candle  power  multiplied  by  12.57. 
In  illuminating  engineering  calculations  one  is  concerned  prin- 
cipally with  the  flux  of  light  or  in  other  words  with  the  number 
of  these  lumens  which  fall  upon  a  certain  plane  commonly  re- 
ferred to  as  the  working  plane.  For  example,  in  a  large  store, 
the  working  plane  would  be  considered  as  being  even  with  the 
tops  of  the  counters,  or  about  42  ins.  from  the  floor.  In  a  large 
general  office  room  it  would  be  the  plane  of  the  desk  tops, 
about  30  in.  from  the  floor. 

It  is  desired  to  determine  as  accurately  as  possible  in  advance 
the  average  illumination  in  foot-candles  which  will  be  obtained 
on  the  working  plane.  The  lumen  being  that  flux  of  light  which 
will  produce  an  average  illumination  of  i  foot-candle  over  a  sur- 
face of  I  ft.  square,  it  easily  follows  that  if  the  total  number  of 
lumens  emanating  in  the  direction  of  the  working  plane  and  the 
number  of  square  feet  in  the  plane  are  known,  we  can  easily 
arrive  at  the  average  foot-candle  intensity  by  dividing  the  total 
number  of  lumens  by  the  square  feet  in  the  room  or  plane.  Thus, 
if  there  are  300  lumens  falling  on  a  plane  of  100  sq.  ft.  area  there 
is  an  average  intensity  of  3  foot-candles  over  that  plane. 

To  make  practical  application  of  these  principles  in  the  cal- 
'Culation  of  illumination,  it  is  necessary  to  determine  with  ap- 
proximate accuracy  the  number  of  lumens  given  out  from  the 
lamps  in  the  direction  of  the  plane  to  be  illuminated.  When  this 
is  determined  it  is  then  necessary  only  to  add  together  the  num- 
ber of  lumens  directed  toward  the  working  plane  by  all  of  the 
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lamps  in  a  room  and  to  divide  this  total  by  the  number  of  square 
feet  in  the  room  to  get  the  average  foot-candles  on  the  working, 
plane. 

This  method,  of  course,  takes  no  account  of  the  lumens  direct- 
ed toward  the  ceiling  and  walls,  a  part  of  which  ultimately  reach 
the  working  plane  by  reflection.  This  element  of  uncertainty^ 
however,  is  the  same  as  that  which  accompanies  other  methods 
of  calculation  heretofore  used.  Of  course,  in  the  majority  of 
cases  a  certain  proportion  of  the  total  number  of  lumens  given 
out  by  the  lamps  is  needed  to  illuminate  ceilings  and  walls.  Ex- 
cept where  opaque  reflectors  are  used,  this  portion  of  the  prob- 
lem can  usually  be  neglected,  bcause  the  ordinary  opal,  prismatic 
and  sand-blasted  reflectors  let  through  enough  of  the  total  lumens 
given  out  by  a  lamp  to  take  care  of  ceiling  and  wall  illumination. 

This  method  further  takes  no  account  of  the  variations  be- 
tween maximum  and  minimum  illumination  which  may  exist  in 
different  parts  of  a  room.  If  there  is  any  question  as  to  whether 
the  illumination  will  be  uniform  enough  for  practical  purposes, 
this  method  should  be  supplemented  by  the  older  point-by-point 
method  before  referred  to,  in  order  that  the  probable  variations 
between  maximum  and  minimum  can  be  determined.  This  meth- 
od, however,  is  most  generally  applicable  to  large  interiors  with 
many  lamps,  these  lamps  being  spaced  at  sufficiently  short  dis- 
tances so  that  the  variations  in  illumination  are  not  great.  In 
a  large  low  room  with  a  few  very  large  sources  of  light,  this 
method  would  not  be  of  much  value.  Fortunately  the  number  of 
rooms  lighted  in  this  way  is  on  the  decrease. 

With  this  method  it  is  evident  that  the  key  to  the  problem 
is  the  determination  of  the  probable  number  of  lumens  directed 
toward  the  working  plane.  To  do  this  with  accuracy  for  all 
the  lamps  in  a  room  would  be  a  mathematical  task  out  of  the 
question  for  common  engineering  work.  It  is  possible,  how- 
ever, to  make  some  assumptions  which  are  approximately  cor- 
rect and  which  render  the  calculation  very  simple. 

For  exampile,  in  the  lighting  of  a  large  store  or  general  office 
room,  calculations  seem  to  show  that  one  may  consider  as  ef- 
fective all  the  lumens  given  out  from  a  lamp  within  an  angle 
of  about  75  degrees  from  vertical.     In  the  case  of  lamps  located 
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near  the  walls  this  relation  will  not  be  strictly  true  because  of  the 
lumens  which  will  first  strike  the  walls.  Some  of  these,  of 
course,  will  be  recovered  by  reflection.  In  smaller  rooms  where 
lamps  are  placed  close  to  walls,  the  lumens  falling  within  60  de- 
grees of  a  vertical  line  through  the  lamp  may  be  assumed  as 
striking  the  working  plane.  The  accuracy  of  these  assumptions 
will  be  discussed  later  in  the  paper. 

It  is  well  to  describe  rapid  methods  for  determining  the  number 
of  lumens  given  out  in  different  zones  about  a  lamp.  Assum- 
ing that  the  distribution  of  light  about  each  lamp  is  practically 
symmetrical  with  reference  to  the  axis  of  the  lamp  and  that  the 
lamps  are  to  be  placed  with  axes  vertical  (these  being  the  con- 
ditions now  commonly  prevailing  with  high  candle-power  in- 
candescent lamps,  Nernst  lam.ps  and  arc  lamps)  it  is  very  easy 
to  determine  the  number  of  lumens  given  out  within  a  certain 
number  of  degrees  from  the  lamp  axis  or  perpendicular.  One 
of  the  quick  ways  to  determine  the  lumens  is  to  plot  a  Rousseau 
diagram.  It  will  not  be  necessary  here  to  discuss  the  principle 
of  the  Rousseau  diagram,  as  it  has  been  described  in  a  number 
of  works  dealing  with  photometry,  and  in  the  paper  by  Mr.  J. 
E.  Woodwell,  printed  in  the  Transactions  of  the  Illuminating 
Engineering  Society,  Nov.,  1906,  Page  248.  It  will  be  suf- 
ficient here  to  explain  that  it  is  a  curve.  Fig.  2,  the  height  of 
which  at  any  point  represents  the  candle-power  at  the  angle  cor- 
responding to  that  point  and  the  area  of  which  is  proportional  to 
the  flux  of  light  or  lumens  from  the  lamp. 

The  method  of  preparing  Rousseau  diagram  paper  is  also  in- 
dicated by  Fig.  2,  in  which  the  full  lines  represent  the  prefer- 
able Rousseau  diagram  ruling  and  the  dotted  lines  indicate  the 
method  by  which  the  ruling  is  obtained.  Rousseau  diagram  paper 
already  ruled  is  now  easily  obtainable.  In  Fig.  2  is  shown  a 
Rousseau  curve  plotted  for  a  Gem  lamp  of  50  mean  horizontal 
candle-power  in  a  prismatic  bowl  reflector.  The  polar-co-or- 
dinate candle-power  curve,  commonly  known  as  the  photometric 
curve  of  the  same  lighting  unit  is  also  shown  in  Fig.  2.  The  meth- 
od of  plotting  the  Rousseau  illumination  curve  from  the  polar  can- 
dle-power curve  will  be  apparent  upon  brief  inspection.  For  ex- 
ample, looking  on  the  polar  photometric  curve,  it  is  seen  that 
the  candle-power  at  ten  degrees  from  the  vertical  Is  65.     A  dot 
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should  be  placed  on  the  ten-degree  line  of  the  Rousseau  diagram 
at  the  height  65  corresponding  to  the  candle-power.  At  20  de- 
grees from  the  vertical  the  candle-power  shown  on  the  photo- 
metric curve  is  80 ;  a  dot  should  be  placed  on  the  20-degree  ver- 
tical line  of  the  Rousseau  diagram  at  a  height  corresponding  to 
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Fig.  2. — Rousseau  Diagram  for  Gem  I^amp  with  Bowl  Reflector. 
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•80  candle-power.  When  this  has  been  done  for  the  entire  half 
circle,  these  dots  should  be  joined  to  form  the  curve  called  the 
Rousseau  curve  or  diagram.  The  area  of  this  diagram  between 
any  two  vertical  lines  representing  degrees  corresponds  to  the 
total  flux  of  light  in  lumens  given  out  in  the  zone  bounded  by 
those  degrees.  For  example,  the  area  enclosed  by  the  curve  be- 
tween zero  and  90  degrees  (90  degrees  being  horizontal)  repre- 
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sents  graphically  the  number  of  lumens  given  out  in  the  lower 
hemisphere ;  while  the  area  enclosed  by  the  whole  curve  from 
zero  to  180  degrees  represents  the  total  number  of  lumens  given 
out.  If  the  average  height  of  this  curve  be  found  by  measuring 
its  height  at  equal  intervals  one  obtains  the  mean  spherical  can- 
dle-power. To  determine  the  number  of  lumens  from  the  Rous- 
seau diagram  it  is  necessary  only  to  ascertain  the  area  enclosed 
by  the  curve  expressed  in  proper  terms.  In  the  Rousseau  curve 
shown  in  Fig.  2,  the  ruling  is  such  that  there  are  twenty  equal 
divisions  of  the  diagram  as  measured  horizontally.  As  the  av- 
erage height  of  the  curve  represents  candle-power,  the  horizontal 
distance  instead  of  20  should  be  12.57,  i^  the  area  is  to  represent 
lumens.  The  constant  by  which  the  sum  of  the  candle-power 
readings  must  be  multiplied  in  order  to  get  the  lumens  in  this 

12.57 
case  is  therefore,  — '- —  ,  or  0.628. 

20 

Another  and  preferable  method  of  determining  the  number  of 
lumens  in  any  given  zone  is  to  measure  the  average  height  of  the 
curve  within  that  zone,  which  height  gives  the  mean  zonular 
candle-power.  Multiplying  this  mean  zonular  candle-power  by 
a  certain  factor  which  may  be  called  a  flux  factor,  will  give  the 
number  of  lumens  within  that  zone.  This  flux  factor  is  the  area 
of  the  zone  of  a  sphere  of  unit  radius.  Since  the  flux  in  lumens 
is  equal'  to  the  area  in  square  feet  multiplied  by  the  mean  foot- 
candle  intensity,  and  since  i  foot-candle  intensity  will  be  given 
anywhere  on  the  inner  surface  of  a  sphere  i  ft.  in  radius  by  a 
light  of  I  candle-power,  the  area  of  the  zone  of  a  sphere  need 
merely  be  multiplied  by  the  mean  zonular  candle-power  to  de- 
termine the  lumens  within  that  zone.  The  area  of  the  zone  of  a 
sphere  of  unit  radius  equals  27r  (i  —  cos  a)  where  a  equals  the 
angle  between  the  pole  or  vertical  and  the  edge  of  the  zone.  The 
flux  factors  calculated  by  this  formula  for  angles  from  5  to 
90  degrees  are  as  follows : 

Degrees  Flux  factor 

5  0-025 

10  0.094 

15  0.0220 

20  0.376 

25  0.590 

30  0.842 
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Degrees  Flux  factor 

35  I. 13 

40  1.47 

45  1.84 

50  2.24 

55  2.68 

60  3.14 

65  362 

70  4.18 

75  4.65 

80  5.18 

85  5.73 

90  6.28 

The  above  considerations  lead  to  a  further  short  cut  which  ob- 
viates the  necessity  of  plotting  a  Rousseau  curve.  From  a  study 
of  Fig.  2,  it  will  be  evident  that  from  the  polar  curve  one  can 
obtain  the  candle-power  values  for  the  points  indicated  by  crosses 
on  the  Rousseau  curve  if  the  radial  lines  on  the  polar  curve 
correspond  in  position  to  the  fine  equally-spaced  lines  of  the 
Rousseau  curve.  It  is  a  simple  matter  of  drafting  to  provide  a 
set  of  flux  polar  diagrams  with  radial  lines  corresponding  to 
the  positions  of  the  equally-spaced  lines  on  the  Rousseau  dia- 
gram. Such  a  flux  polar  diagram  for  an  angle  of  90  degrees 
is  shown  in  Fig.  3.  If  this  diagram  is  made  on  transparent  cel- 
luloid or  tracing  cloth,  it  can  be  laid  over  the  ordinary  polar- 
photometric  curve  with  the  zero  line  at  the  vertical  and  the  90- 
degree  line  at  the  horizontal.  By  noting  and  averaging  the  can- 
dle-power of  the  photometric  curve  at  the  ten  points  where  the 
radial  lines  (not  including  the  zero  and  90-degree  lines)  cross 
the  photometric  curve,  the  mean  hemispherical  candle-power  is 
obtained.  As  there  are  ten  readings  to  be  averaged,  it  is  only 
necessary  to  add  the  readings  and  transfer  the  decimal  point  one 
figure  to  the  left  to  obtain  the  average.  This  mean  value  of 
hemispherical  candle-power  multiplied  by  the  flux  factor  6.28  for 
the  90-degree  zone,  gives  the  total  number  of  lumens  in  the 
lower  hemisphere.  Similar  flux  polar  diagrams  can  be  prepared 
for  other  zones.  For  example.  Fig.  4  is  arranged  for  obtaining 
the  mean  zonular  candle-power  and  lumens  in  a  zone  extending 
75  degrees  from  the  vertical.  This  diagram  also  is  divided  into 
ten  parts  so  that  the  average  of  the  readings  is  obtained  by  di- 
viding their  sum  by  10  and  the  lumens  are  obtained  by  multiply- 
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ing  this  average  by  the  flux  factor  4.65  for  75  degrees.  The 
same  thing  is  true  of  Figs.  5  and  6  which  are  for  60  and  30  de- 
grees, respectively.  With  a  set  of  these  flux  polar  diagrams,  the 
illuminating  engineer  is  in  a  position  very  quickly  to  find  the  lu- 
mens from  any  symmetrical  photometric  curve  within  any  of 
the  zones  which  are  of  practical  use  to  him. 

To  show  the  practical  application  of  the  above  described  meth- 
od, on  applying  the  6o-degree  flux  polar  diagram  to  the  polar 
photometric  curve  shown  in  Fig.  2,  it  is  found  that  236  lumens 
are  given  out  by  the  lamp  between  60  degrees  and  the  vertical. 


Mean  C.P.  0-90"" 
FluX  Factor=6.28 


90"  -^ 


Mean  CP.  0-75 
Flux  Fac1:or=4.65 


Figs.  3  and  4. — Flux  Polar  Diagrams,  90  and  75  Degrees. 


The  curve  of  Fig.  2  relates  to  a  125-watt  Gem  lamp  in  a  bowl  re- 
flector, so  the  value  for  lumens  can  be  reduced  to  watts  per 
lumen  by  dividing  the  wattage  of  the  lamp ;  thus  there  is  0.53 
watt  per  lumen.  Therefore,  if  0.53  watt  is  expended  per  square 
foot  of  floor  space,  one  lumen  per  square  foot  is  obtained.  Since 
the  average  intensity  in  foot-candles  is  equal  to  the  lumens  di- 
vided by  the  square  feet  and  the  area  in  this  case  is  i  sq.  ft.,  the 
average  foot-candle  value  will  be  i.  In  other  words,  if  the  aver- 
age foot-candle  intensity  be  multiplied  by  the  value  of  watts  per 
lumen  in  the  zone  under  consideration,  obtained  with  the  desired 
lamp    and    reflector,   the   value   of   the    watts    per    square    foot 
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necessary  to   illuminate  the   room  will  be   obtained.     The  rule 
or  formula  then  simply  becomes : 

Average  foot-candles  X  watts  per  lumen  =  watts  per  sq.  ft. 


Mean  C.P.  0-60 
Flux  Factor=3.14 


Mean  C.P.  0-30 
FluxTactor=0.842 


Figs.  5  and  6. — Flux  Polar  Diagrams,  60  and  30  Degrees. 


It  now  remains  to  determine  how  closely  the  results  calculated 
as  above  check  with  actual  results  obtained  in  installations  which 
have  been  photometered.  It  is  evident  that  the  main  chances  of 
error  in  the  above  method  lie  in  the  reflection  from  walls  and  in 
assuming  too  large  or  too  small  an  angle  from  the  vertical  in 
which  to  determine  the  flux  of  useful  light.  In  a  small  room 
with  very  dark  walls  and  the  lamps  placed  high,  the  zone  of  use- 
ful light  as  measured  by  the  angle  from  the  vertical  would  be 
small,  sometimes  not  over  50  or  60  degrees.  On  the  other  hand, 
in  a  very  large  room  with  few  obstructions  and  with  light-colored 
walls,  the  light  which  emanates  from  the  source  at  a  considerable 
angle  from  the  vertical  ultimately  falls  on  the  working  plane 
and  becomes  useful.  The  area  illuminated  by  each  lamp  is  very 
large  in  such  a  case  and  each  point  in  the  working  plane  re- 
ceives illumination  from  many  lamps. 

There  is  given  herewith  a  table  of  constants  based  on  all  of 
the  results  of  reliable  tests  on  efficiency  of  illumination  which 
have  come  to  the  notice  of  the  authors.     This  table  is  the  result 
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of  careful  consideration  of  all  the  evidence  obtainable,  and  is 
believed  to  be  approximately  correct.  The  table  shows  the  watts 
per  lumen,  or  in  other  words,  the  watts  per  square  foot  required 
to  give  one  foot-candle  average  illumination  in  several  types  of 
lighting  installations. 

To  apply  it  use  the  rule. 

Watts  per  sq.  ft.  =  foot-candle  intensity  X  constant  from  table. 

TabIvE  Showing  Number  of  Watts  per  vSquare  Foot  of  Fi,oor 
Area    Required   to    Produce    an   Average  of   i  Foot- 
candle  of  Ili^umination.     (Watts  per  Lumen.) 

Incandescent  Lamps. 
Tungsten  lamps  rated  at  1.25  watts  per  horizontal  candle  power;  clear 
prismatic  reflectors,   either  bowl  or  concentrating;    large  room; 
light  ceiling;  dark  walls;  lamps  pendant;   height  from  8  to  15  feet     0.25 

Same  with  very  light  walls 0.20 

Tungsten  lamps  rated  at  1.25  watts  per  horizontal  candle  power;  pris- 
matic bowl  reflectors  enameled;    large  room;    light  ceiling;    dark 

walls;  lamps  pendant,  height  from  8  to  15  feet 0.29 

Same  with  very  light  walls 0.23 

Gem  lamps  rated  at  2.5  watts  per  horizontal  candle  power;  clear  pris- 
matic reflectors  either  concentrating  or  bowl;  large  room;  light 
ceiling;  dark  walls;    lamps  pendant;    height  from  8  to  15  feet. .-      0.55 

Same  with  very  light  walls 0.45 

Carbon  filament  lamps  rated  at  3.1  watts  per  horizontal  candle  power; 
clear  prismatic  reflectors  either  bowl  or  concentrating;  light 
ceiling;  dark  walls;    large  room  ;  lamps  pendant  ;  height  from  8 

to  15  feet 0.65 

Same  with  very  light  walls 0.55 

Bare  carbon  filament  lamps  rated  at  3.1  watts  per  horizontal  candle 
power;  no  reflectors  ;    large  room  ;    very  light  ceiling  and  walls  ; 

height  from  10  to  14  feet.  — 0.75  to  1.5 

Same  ;  small  room  ;  medium  walls i .25  to  2.0 

Carbon  filament  lamps  rated  at  3.1  watts  per  horizontal  candle  power; 
opal  dome  or  opal  cone  reflectors;    light  ceiling;    dark  wahs; 

large  room  ;  lamps  pendant ;  height  from  8  to  1 5  feet 0.70 

Same  with  light  walls 0.60 

Arc  Lamps. 
5-ampere,  enclosed,  direct-current  arc  on  iio-volt  circuit;  clear  inner, 
opal   outer  globe;     no    reflector;     large   room;     light   ceiling; 
medium  walls  ;  height  from  9  to  14  feet 0.50 

It  is  interesting  to  compare  the  results  shown  in  the  table  with 
the  results  which  would  be  obtained  in  the  calculation  of  the  il- 
lumination of  similar  interiors  by  the  flux-of-light  method  which  is 
described  herein.     For  example,  taking  the  first  two  items  on 
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the  table,  the  constant  obtained  from  practical  experience  is  0.20 
to  0.25  while  the  calculated  flux  of  light  from  tungsten  lamps 
with  bowl  reflectors  within  75  degrees  from  the  vertical  corre- 
sponds to  about  0.20  watt  per  lumen.  The  calculated  flux  with- 
in 60  degrees  corresponds  to  0.23  watt  per  lumen.  For  this  item 
it  would  seem  that  the  zone  of  75  degrees  is  the  one  which 
gives  the  most  accurate  results  with  light  walls  while  the  60- 
degree  zone  would  be  best  for  dark  walls.  Referring  to  the 
seventh  item  on  the  table,  by  calculation  carbon-filament  lamps 
with  bowl  prismatic  reflectors,  take  0495  watt  per  lumen  below 
75  degrees  and  0.63  watt  per  lumen  below  60  degrees.  The  table 
gives  0.65  watt  per  lumen.  For  conservative  estimates  the  60- 
degree  zone  should  usually  be  taken. 

The  methods  described  above  are  only  approximate  at  best, 
but  probably  they  are  no  more  open  to  error  than  other  methods. 
They  are  certainly  much  more  simple  and  rapid.  The  authors 
have  used  them  for  the  past  year. 


DISCUSSION. 


Mr.  R.  L.  Lloyd: — The  authors  conclude  their  paper  with  a 
paragraph  beginning  as  follows  : 

"The  methods  described  above  are  only  approximate  at  best." 

I  am  a  member  of  this  Society,  not  as  a  scientist  or  investi- 
gator, but  as  one  who  wants  some  practical  facts  to  work  on. 
Probably  there  are  many  others  who  are  in  the  same  boat  as  my- 
self, and  to  show  how  very  practical  the  tables  really  are,  a  little 
experience  of  mine  cannot  be  amiss.  Out  in  the  burgh,  where  I 
live,  we  have  recently  attained  the  dignity  of  a  concert  hall, 
called  an  auditorium.  Naturally,  I  was  interested  at  the  start 
in  the  project,  and  as  soon  as  I  was  able  got  hold  of  the  plans 
looked  into  the  arrangements  for  the  lighting.  To  my  mind, 
they  were  very  meagre  and  insufficient,  and  after  talking  the 
matter  over  with  those  in  charge,  I  volunteered  to  lay  out  a 
lighting  plan  for  them. 

I  did  not  know  much  about  the  matter,  but  had  entire  confi- 
dence in  the  tables  and  formulae  which  I  gathered  from  our  So- 
ciety. With  these  as  a  basis,  I  recommended  six  tungsten  lamps  in 
the  ceiling,  (the  ceiling  probably  a  little  higher  than  in  this  room — 
about  25  feet) — which  should  give  about  one  candle-power  per 
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square  foot  of  illumination  over  the  main  floor.  The  committee 
accepted  my  suggestion,  and  had  the  building  so  wired.  When 
finished  and  the  time  came  for  turning  them  on,  I  felt  somewhat 
shaky  to  think  that  the  few  lamps  were  going  to  do  the  work,, 
but  they  did  it  admirably  and  the  hall  was  well  lighted  with  a 
smaller  power  consumption  than  originally  planned.  I  give 
credit  for  it  entirely  to  the  tables  followed,  the  tables  produced 
by  members  of  this  Society. 

President  Bell : — That  is  an  illustration  of  the  practical  nature 
of  the  work  which  the  Society  is  doing. 

Mr.  J.  S.  Codman,  Boston: — The  table  given  is  somewhat 
interesting.  In  comparing  the  first  item,  tungsten  lamp  rated 
at  1.25  watts  per  horizontal  candle-power,  with  Gem  lamps 
at  2.5  watts,  conditions  in  the  two  cases  seem  to  have  been  pre- 
cisely the  same.  According  to  the  ratings,  the  tungsten  lamp 
has  double  the  efficiency  of  the  Gem,  yet  it  appears  that,  instead 
of  the  watts  per  square  foot  in  the  case  of  the  Gem  being  just 
double,  it  is  merely  slightly  greater. 

Further  than  this,  the  actual  efficiency  in  the  tungsten  lamp 
is  not  double  that  of  the  Gem,  if  account  be  taken  of  the  spheri- 
cal candle-power.  If  the  spherical  reduction  factor  of  the  Gem 
can  be  assumed  as  0.85  and  that  of  the  tungsten  0.79,  it  would 
seem  that  the  tungsten  has  an  efficiency  only  1.86  times  that  of 
the  Gem.  In  such  case,  the  watts  per  square  foot  for  the  Gem 
calculated  on  the  basis  of  the  relative  efficiencies  should  be  0.46 
instead  of  0.55.  In  other  words,  the  tungsten  lamp  as  compared 
with  the  Gem,  gives  very  much  better  results  than  would  be  ex- 
pected from  its  efficiency. 

There  are  one  or  two  possible  explanations  of  this  fact.  In  the 
first  place,  it  is  possible  that  in  the  tungsten  installations  which 
were  tested,  the  illuminating  engineering  work  was  better  than 
in  the  case  of  the  Gem,  or  it  may  be  that  the  Gem  installations 
were  older  and  the  candle-power  of  the  lamps  had  decreased. 
The  tungsten  lamp  installations  would  probably  be  the  more 
recent. 

There  is  another  possible  explanation,  which  occurred  to  me, 
namely  that  the  tungsten  lamp  being  whiter,  in  the  majority  of 
cases,  the  reflection  from  the  walls  would  be  higher  with  the  white 
light.       For   instance,  if   the  walls  were  red,  the  reflection   of 
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the  walls  would  be  higher  with   the  white  tungsten  than   with 
the  yellow  Gem. 

Mr.  T.  W.  Rolph:— In  connection  with  Figs.  3,  4,  5,  and  6,  I 
have  here  a  table  of  the  calculated  values  of  the  angles  at  which 
readings  should  be  taken  in  order  to  obtain  the  mean  candle- 
power  of  these  various  zones,  and  feeling  that  this  might  be  of 
interest,  I  submit  it  for  reference.     It  is  as  foUoVs  : 

ANGI.KS  FOR  Taking  10  Readings  in  the  Determination  of  Mean 
CANDI.E-P0WER  Measured  from  the  Vertical. 


o°— 90° 

o°-75° 

qO— 60° 

o°-45° 

qO— 30° 

I 

l8°  — 12^ 

i5°-39' 

I2°— .50^ 

9° -49/ 

6°-38^ 

2 

3i°-47' 

27°— 17^ 

22° — 20^ 

17°— 2^ 

1 1  °— 30^ 

3 

4i°-25" 

35°- 27^ 

28°-57^ 

22°— 4^ 

i4°-53" 

4 

49°— 28^ 

42°-i3' 

34°-25' 

26°— 10^ 

17°— 37^ 

S 

56°-38^ 

48°— 12^ 

39°— II' 

29°-45' 

20°— 0^ 

6 

63°-i5^ 

53°-4i' 

43°-32' 

32°-58^ 

22°— 8^ 

7 

69°-3i^ 

58°-47^ 

47°-33' 

35°-56^ 

24°— 6^ 

8 

75°-3i' 

63°-38^ 

51°— 19^ 

38°-42' 

25°-54' 

9 

8i°— 22^ 

68°— 17^ 

54°-54' 

41°— 19' 

27°— 37' 

10 

87°— 8^ 

72°— 48^ 

58°— 20^ 

43°-48^ 

29°-i3' 

Mr.  Alfred  A.  Wohlauer  : — The  paper  marks  further  attempts 
to  simplify  the  pre-calculation  of  illuminations  in  a  strictly  en- 
gineering manner.  It  is  necessary,  however,  to  recognize  that 
the  amount  of  flux  which  is  utilized  for  illumination,  and  the 
amount  of  light  which  is  reflected  from  walls  and  ceilings,  must 
be  strictly  kept  apart.  I  believe  that  I  can  explain  by  consider- 
ation of  this  fact  the  doubt  Mr.  Codman  expressed  in  regard  to 
the  discrepancy  in  the  data  given  for  the  tungsten  lamp  and  for 
the  Gem  lamp. 

On  the  one  hand,  the  reflection  from  wall  and  ceiling  is  differ- 
ent in  the  two  cases,  and  on  the  other  hand  the  solid  angle  which 
is  utilized  for  the  hght  production  varies  according  to  the  light 
distribution  of  the  lamps  employed.  As  far  as  the  experimental 
values  recorded  in  the  table  are  concerned,  I  may  say  that  they 
are  of  about  the  same  order  as  some  constants  I  published  several 
months  ago,  leaving  reflection  from  the  wall  and  ceiling  entirely 
out  of  consideration. 

Mr.  P.  S.  Millar: — The  authors  have  applied  Dr.  Sharp's 
suggestion  of  last  year  in  an  interesting  and  practical  manner. 
The  way  in  which  it  has  simplified  calculations  of  illumination  is 
remarkable,  and  it  seems  to  me  that  it  marks  a  step  in  advance, 
by  making  the  calculation  of  illumination  something  no  longer  to 
be  feared. 

In  connection  with  this  matter,  I  call  attention  to  the  desira- 
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bility  of  collecting  and  tabulating  data  bearing  upon  the  co- 
efficient of  utilization  of  light— another  suggestion  made  by  Dr. 
Sharp  in  his  presidential  address  last  year.  This  is  a  valuable 
factor  and  would  still  further  simplify  the  estimation  and  calcu- 
lation of  illumination  if  reliable  data  could  be  furnished. 

Afr.  V.  R.  Lansingh  : — There  was  one  suggestion  made  by 
Dr.  Sharp  whicllf  I  want  to  accept,  and  which  has  not  been  done 
in  this  paper.  We  have  used  here  the  term  watts  per  lumen, 
whereas  a  better  relation  would  be  lumens  per  watt.  I  hope  in 
general  that  this  practice  will  be  revised  and  that  in  speaking  of 
the  performance  of  a  Gem  illuminant  use  will  be  made  of  the 
term  lumens  per  watt  rather  than  watts  per  lumen. 

As  to  Mr.  Codman's  question  concerning  the  apparent  discrep- 
ancy in  the  data  of  the  Gem  lamp  and  of  the  tungsten  it  should 
be  stated  that  the  Gem  lamp  tests  were  inconsistent.  We  had 
values  all  the  way  from  the  figures  given  by  Mr.  Codman,  0.45 
up  to  and  over  0.60,  and  we  took  0.55  as  a  possible  mean.  As 
to  what  the  cause  of  that  is,  I  cannot  state.  It  may  be  due  to 
the  defects  in  the  lamp  itself,  and  also  to  its  color  value.  The 
Gem  lamps  do  not  always  run  as  they  are  rated.  These  figures 
given  here  are  the  mean  of  all  the  observations  which  we  could 
accumulate.  One  of  the  chief  sources  of  these  figures  were  the 
tests  made  for  the  Association  of  Edison  Illuminating  Companies 
at  the  Edison  Auditorium  by  the  Electrical  Testing  Laboratories 
in  New  York. 

As  regards  the  question  of  Mr.  Wohlauer,  concerning  reflec- 
tion from  ceilings,  I  should  state  that  the  data  given  in  the  paper 
take  reflection  into  account.  They  are  not  theoretical  values  but 
practical  values  obtained  from  actual  tests.  It  is  interesting  to 
note  that  these  figures  check  up  very  closely  with  the  theoretical 
considerations. 

Mr.  F.  W.  Willcox  : — The  reason  why  the  practice  has  always 
been  to  speak  of  "watt  per  candle"  seems  to  me  to  be  a 
practical  one,  namely,  that  we  then  deal  with  integral 
units,  3.1,  3  5,  4,  2.5,  or  1.5,  or  whatever  the  specific  consump- 
tion may  be,  in  the  Gem  lamp  2.5,  and  in  the  tungsten  1.25.  If 
we  use  this  reciprocal  term,  we  will  have  a  fraction,  and  the  differ- 
ence between  3.1  and  3.5  would  not  be  as  apparent  in  fractional 
form  as  in  integral  form. 

Applying  the  same  idea  to  Mr.  Lansingh' s  suggestion,  it  would 
be  better  to  use  the  term  "lumens  per  watt"  than  "watts  per 
lumen,"  as  the  former  would  give  a  whole  number  and  the  latter 
a  fraction. 


STREET  LIGHTING  WITH  GAS  IN  EUROPE.* 


BY  K.  N.  WRIGHTINGTON 


Gas  is  used  for  street  lighting  in  the  Continental  European 
cities  in  many  forms.  Both  inverted  and  upright  mantles  are 
used  under  ordinary  and  high-pressure.  The  low-pressure  up- 
right lamps  comprise  the  principal  lighting  of  the  side  streets. 
The  high-pressure  upright  lamp  is  just  coming  into  use  for  the 
lighting  of  the  principal  thoroughfares.  The  inverted  lamp  is, 
however,  taking  the  place  of  the  upright  type.  The  low-pres- 
sure inverted  lamps  are  used  for  ordinary  illumination,  and  the 
high-pressure  inverted  lamps  on  the  main  streets. 

The  low  pressure  upright  lamp  is  of  the  type  familiar  in 
America.  One  or  more  burners  to  the  lamp  are  used.  The 
lamps  are  placed  rather  nearer  together  than  in  this  country, 
resulting  in  a  good  distribution  of  light,  and  the  general  illum- 
ination is  very  satisfactory.  The  high-pressure  upright  lamp 
is  used  for  special  lighting  where  large  units  are  desirable.  The 
efficiency  is  high  as  compared  with  the  low-pressure  lamp. 

The  inverted  lamp  for  use  on  the  streets  seems  to  have  been 
pretty  thoroughly  tested  on  the  other  side,  and  is  giving  good 
results.  The  efficiency  for  useful  light  obtained  greatly  exceeds 
that  of  the  upright  lamp.  There  are  two  reasons  for  this  ad- 
vantage. First,  because  the  proportion  of  light  below  the 
horizontal — where  it  is  wanted  in  street  lighting — from  a  bare 
mantle  of  an  inverted  lamp  is  much  greater  than  from  an  upright 
mantle.  Second,  because  the  construction  of  the  inverted  man- 
tle burner  permits  the  use  of  reflectors  which  will  collect  the 
upright  rays  and  turns  them  in  a  useful  direction.  Most  of  these 
lamps  are  equipped  with  a  pilot  flame,  and  the  main  lamp  is  ig- 
nited by  means  of  a  lever  arm.  It  is  claimed  that  partly  for  this 
reason  the  number  of  mantles  used  is  less  than  with  the  upright 
lamp. 

Another  advantage  in  the  inverted  lamp  is  that  it  lends  itself 
to  artistic  treatment.  A  double-arm  post  with  one  lamp  on  each 
arm,  and  each  lamp  having  two  burners,   produces   a   dignified 

1  A  paper  read  at  the  second  Annual  Convention  of  the  Illuminating  Engineering 
Society,  Philadelphia,  October  5-6,  1908. 
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and  handsome  effect.  This  combination,  the  posts  being  set 
at  intervals  of  loo  feet,  staggered  on  each  side  of  the  street,  also 
gave  a  very  even  and  effective  illumination. 

The  most  striking  feature  of  the  street  lighting  on  the  other 
side  is  unquestionably  the  use  of  high-pressure  inverted  gas 
lamps.  These  lamps  are  found  in  very  large  units,  running  as 
high  as  3600  mean  lower  hemispherical  candle-power.  The  posts 
are  placed  near  together,  and  the  streets  are  almost  as  bright  if 
lighted  by  daylight.  One  might  expect  to  find  the  light  rather 
glaring,  especiall}^  as  the  lamps  are  hung  rather  low  ;  on  the 
contrary,  however,  the  light  is  beautifully  diffused,  the  effect 
being  very  soft  and  pleasing. 

From  one  to  three  mantles  of  large  size  are  used  for  each 
lighting  unit.  These  mantles  are  attached  to  the  lamp  non- 
coUodionized.  A  by-pass  is  used,  and  the  pressure,  which 
amounts  to  about  60  inches,  opens  the  valve,  and  the  lamp  is 
ignited.  The  mantles  shrink  to  the  proper  size,  and  form 
naturally  on  the  burner.  At  midnight  one  or  more  of  the 
burners  of  each  lamp  may  be  extinguished  by  the  turning  of  a 
lever  arm,  thus  reducing  the  expense  when  less  light  is  needed. 
These  lamps  seem  to  be  very  satisfactor}^  in  operation,  and  have 
been  installed  a  number  of  months. 

In  considering  these  various  types  of  street  lighting,  a  very  im- 
portant difference  between  the  conditions  on  the  other  side  and  in 
this  country  must  be  recognized.  Wherever,  in  this  country,  there 
is  a  trafffc  at  night  which  would  require  such  a  great  quantity  of 
light  as  exists  on  the  other  side,  very  little  outside  illumination 
is  needed.  Fortunately  for  some  of  the  municipal  authorities, 
the  streets  are  lighted  by  private  citizens  by  means  of  window 
lamps  and  signs.  For  example,  along  Broadway,  in  New  York, 
the  so-called  street  lamps  are  hardly  necessary,  and  the  light 
which  they  give  is  almost  entirely  overshadowed  by  the  private 
lighting  around  them.  Wherever  there  is  traffic,  there  are  win- 
dow lamps  and  signs;  or  putting  it  the  other  way,  the  signs  and 
window  lamps  attract  the  traffic. 

In  Continental  cities,  on  the  other  hand,  it  is  the  rarest  thing 
to  find  any  windows  lighted  after  dusk.  The  shutters  are  pulled 
down  tight,  and  the  lighting  of  the  streets  is  dependent  entirely 
upon  the  street  lamps.  Yet  at  the  same  time,  a  very  great  amount 
of  light  is  needed,  as  the  traffic  both  on  foot  and  on  wheels  is  very 
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heavy.  For  this  reason  where  lamps  of  3600  candle-power,  100 
feet  apart,  may  be  necessary  in  Europe,  it  is  probable  that  such 
a  very  large  amount  of  light  would  not  be  needed  except  for 
special  lighting  in  this  country. 

It  is  entirely  reasonable,  however,  to  expect  that  the  small 
units,  both  under  high-pressure  and  low-pressure,  adjusted  to 
suit  local  conditions,  may  be  used  in  this  country.  The  smaller 
inverted  lamps  are  claimed  to  give  on  low-pressure  an  output  of 
from  30  to  40  candle-power  per  cubic  foot,  of  gas  consumed  per 
hour,  and  on  high-pressure  from  50  to  60  candle-power. 
These  lamps  installed  at  intervals  to  afford  a  proper  distribution 
of  the  light,  should  give  a  highly  satisfactory  illumination  at  a 
reasonable  cost. 


DISCUSSION. 


Mr.  Walton  F or  stall : — Can  Mr.  Ware  tell  us  the  usual  pres- 
sure at  which  the  gas  is  supplied  ?  At  the  gas  exhibition  in 
Dublin,  last  year,  i6-in.  was  used,  and  my  impression  has  been 
that  this  was  about  the  usual  pressure,  though  I  remember  one  in- 
stallation using  60  in.  Is  the  tendenc}'^  toward  the  use  of  such 
high  pressures  ?  I  should  like  to  know  the  horizontal  distance 
apart  of  the  mantles  on  any  post — the  writer  speaks  of  a  separa- 
tion of  the  mantles  to  prevent  a  glare.  What  is  the  height  of  the 
mantles  above  the  ground  ? 

President  Bell : — The  Chair  perhaps  can  answer  Mr.  Forstall's 
questions,  or  some  of  them,  from  personal  observations,  which 
information  may  not  be  at  hand  elsewhere.  The  60-inch  pressure 
is  the  highest  value  that  is  now  being  used  with  the  compressed 
gas.  The  pressure  of  compressed  gas  started  a  few  years  ago 
at  10,  or  12,  and  then  it  went  to  16,  and  then  to  20,  and  to  30  or 
40,  and  has  now  reached  60  inches,  the  exact  pressure  in  the 
Berlin  system,  which  is  perhaps  the  best  developed  of  any,  being 
12  centimeters  of  mercury.  The  distribution  is  through  steel 
tubes,  which  are  put  together  with  gaskets.  The  lamps  are  sup- 
plied with  gas  by  a  pressure  pumping  station,  operated  by  gas 
engines.  In  Berlin  use  is  made  of  compressed  gas,  and  that 
seems  to  be  the  more  usual  tendency,  although  some  of  the  sys- 
tems have  used   compressed   air,   and  one   of   them,    in   Paris, 
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actually  fed  oxygen  obtained  from  liquid  air  to  the  burner  to  in- 
tensify the  light. 

Mr.  7.  J.  Litle.Jr.: — The  scheme  of  compressed  gas  lighting 
is  only  in  its  infancy,  and  probably  pressures  even  higher  than 
stated  will  be  used.  Recently  I  experimented  with  gas  under 
71 -in.  of  water  pressure  with  a  special  mantle,  with  good  results; 
this  mantle  has  not  yet  appeared  on  the  market.  I  think  these 
changes  will  revolutionize  the  whole  business,  as  far  as  high 
pressure  lighting  goes,  and  enable  very  high  efficiency  to  be  ob- 
tained. 

In  the  paper  no  mention  is  made  of  the  control  of  these  lamps. 
In  Europe  use  is  made  of  many  schemes  in  which  there  are  two 
pressures,  low  pressure  for  supplying  gas  to  the  pilots  during  the 
day,  the  pressure  at  night  being  boosted  in  the  line,  the  high 
pressure  gas  being  admitted  to  the  main  burner,  thereby  enabling 
the  whole  system  to  be  ignited  and  extinguished  from  a  central 
point. 

President  Bell : — To  remove  a  possible  misapprehension,  it 
should  be  stated  that  in  the  gas  burners  there  is  no  enormous 
pressure  at  the  point  of  combustion,  the  object  of  the  pressure 
being  mainly  to  inspirate  a  sufficient  quantity  of  air  to  give  an 
intensified  flame.  The  high  pressure  does  not  operate  against 
the  mantle. 

Mr.  V.  R.  Lansingh  : — I  do  not  agree  with  the  writer  of  the 
paper  when  he  says  that  there  is  no  glare  to  these  lamps,  at  least 
in  the  City  of  London.  My  observation  of  the  lamps  in  that  city 
was  that  there  was  a  great  deal  of  glare  from  the  high-pressure 
mantles,  and  that  some  method  of  diffusing  the  light  is  desirable. 
There  seemed  not  to  be  as  much  glare  in  the  case  of  the  lamps 
in  London  as  found  in  this  country,  due  probably  to  the  reflec- 
tion of  the  buildings,  but  nevertheless,  there  is  room  for  much 
improvement. 

President  Bell : — The  glare  from  the  high-pressure  mantles  is 
very  severe,  and  the  higher  they  are  forced  the  more  it  is  true. 
They  give  a  very  powerful,  brilliant  light,  and  should  have  dif- 
fusing globes.  In  London  there  are  some  self-intensifying  lamps, 
generally  worked  by  the  waste  heat  from  the  burner.  One  type 
has  even  a  flat  thermopile  surrounding  the  lamp,  the  current 
from  which  is  conducted  to  a  little  electric  motor  in  the  base  of 
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the  lamp,  which  pumps  up  the  pressure  by  a  special  blower.  In 
another  form  there  is  a  supplementary  heater.  There  are  three  or 
four  forms  of  the  self-intensified  lamp,  but  I  think  I  am  correct 
in  saying  that  the  tendency  is  toward  separate  mains  for  the  high- 
pressures.  I  inquired  of  the  men  in  charge  of  the  lamps,  and  Vv^as 
informed  that  the  life  of  the  thermopile  was  about  i,ooo  hours, 
and  the  cost  about  thirty  shillings.  I  think  the  tendency  is  to- 
wards distribution  by  special  mains. 

If  there  is  no  further  discussion  on  the  paper,  Mr.  Ware,  who 
has  presented  the  paper  for  the  author,  will  close  the  discussion. 

Mr.  R.  C.  Ware  : — Not  having  been  in  Europe  for  four  years, 
I  am  not  well  fitted  to  answer  the  questions  which  have  come 
up,  but  I  believe  that  Dr.  Bell  and  Mr.  I^itle  have  answered 
most  of  them. 

The  spacing  of  the  lamps,  about  which  Mr.  Forstall  asked,  as 
I  understand  it,  is  about  too  feet  on  a  side,  the  lamps  being 
staggered  on  opposite  sides  of  the  street.  The  height,  as  I  re- 
member, varied  from  14  or  16  to  18  feet.  About  the  cluster 
lamp,  I  only  remember  some  in  the  Place  de  Le  Concorde  in 
Paris,  and  those,  as  I  recall,  were  groups  of  six  or  eight  lamps  ar- 
ranged in  a  pyramidal  form,  and  about  a  foot  apart. 


DESIGN  OF  THE  ILLUMINATION  OF  THE  NEW 
YORK  CITY  CARNEGIE  LIBRARIES.^ 


BY    Iv.    B.    MARKS. 


The  design  of  the  illumination  of  a  public  library  involves 
considerations  which  are  quite  unlike  those  that  ordinarily  con- 
front the  illuminating  engineer,  and  are  in  many  respects  more 


Fig.  I. — First  Floor,  Carnegie  Library. 


The 


difficult  to  meet  than  in  almost  any  other  class  of  buildings, 
design  must  secure: 

(i)  Sufficient  illumination  on  the  reading  tables  and  book 
shelves  to  meet  the  demands  of  a  wide  class  of  readers  of  various 
ages  and  conditions  of  eyesight,  taking  into  account  the  fine 
print  in  some  of  the  books  and  the  difficulty  of  reading  titles 
of  books  in  position  on  the  shelves.     Some  of  the  books  are  worn 

'  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer 
ing  Society,  Philadelphia,  October  5-6,  1908. 
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by  frequent  handling',  and  the  titles  become  more  or  less  obscured. 

(2)  Low  intrinsic  brightness  of  light  sources  and  freedom 
from  glare,  and  so  far  as  possible  removal  of  lights  from  the 
ordinary  field  of  vision. 

(3)  Sufficient  illumination  for  the  library  staff  to  oversee 
the  entire  floor. 

(4)  Sufficient  illumination  to  provide  a  moderate  reading 
light  in  all  parts   of  the  room,  to  admit  of  the  relocation  or 


Fig.  2. — Second  Floor,  Carnegie  Library. 


addition   of   furniture,   such   as   portable   magazine   filing  racks^ 
etc. 

(5)  Moderate  cost  of  installation. 

(6)  Economy  of  operation.  This  must  take  into  account  not 
only  the  system  of  illumination  and  type  of  lamps  used  but  also 
the   switching   arrangements. 

(7)  Simplicity  In  construction  and  convenience  in  operation. 
This  must  take  into  account  the  character  of  help  in  local 
charge  of  the  equipment. 
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(8)  Aesthetic  design  of  fixtures,  and  attractive  appearance 
of  the  reading  rooms  at  night. 

The  present  paper  is  a  prehminary  one  and  deals  with  the 
design  of  illumination  of  the  new  Carnegie  Branches  of  the 
New  York  Public  Library,  and  in  particular  with  the  St.  Gabriel's 
Park  Branch  which  is  representative  of  seven  other  Carnegie 
Library  buildings  which  are  now  under  construction  in  New 
York  City.     The  St.   Gabriel's  Park  Branch  of  which  Messrs. 


Fig.  3. — Third  Floor,  Carnegie  lyibrary.    ■ 

McKim,  Mead  &  White  were  the  architects,  was  opened  to  the 
public  a  few  months  ago.  Drawings  of  floor  plans  showing 
location  of  lamp  outlets,  switches,  etc.,  as  well  as  dimensions  of 
rooms  in  the  building  and  position  of  furniture  are  given  here- 
with, (Figs.  5-10).  The  light  units  are  designated  at  each  out- 
let and  shown  on  the  plans  on  the  basis  of  50  watt  units.  Fix- 
ture drawings  (Figs.  12-25)  by  Mr.  W.  S.  Kellogg,  Supervising 
Architect  of  the  Works,  schedule  of  lamps,  and  photographs 
of  the  four  main  floors  of  the  building  are  also  given. 

The  lighting  service  is   taken   from  the   direct  current  three 
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wire  mains  of  the  New  York  Edison  Company  and  enters  the 
building  in  the  basement  from  which  it  is  distributed  throughout 
the  building  through  panel  boxes  located  on  each  floor.  These 
panel  boxes  contain  the  switches  which  control  the  individual 
circuits. 

DESCRIPTION    OF    ROOMS. 

BASEMENT : 

The  basement  contains  the  packing  and  receiving  room,  boiler 


Fig.  4. — Roof  Reading  Room,  Carnegie  I^ibrary. 

room,  coal  vault,  store  room  and  lavatory.     The  walls  and  ceil- 
ings of  this  room  are  white  in  color. 

FIRST  FLOOR: 

The  main  entrance  to  the  building  is  on  the  first  floor.  With 
the  exception  of  the  vestibule  and  small  office  which  are  sep- 
arated from  the  rest  of  the  room  by  glazed  partitions,  this  floor 
constitutes  one  large  room.  In  the  front  of  the  room  is  the 
circulating  department,  in  the  middle  the  application  and  delivery 
desk,  and  in  the  rear  portion  the  free  standing  book  stacks  and 
the  reference  room.     These  departments  are  separated  from  each 
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other  by  low  rails  or  low  bookshelves.  Along  the  walls  of  the 
room  are  bookcases  about  7  feet  high.  The  walls  are  cream 
color  and  the  ceiling  white.  The  public  has  access  to  all  of  the 
bookshelves.     In  the   entrance   hall  are   located  two   exhibition 


Fig.  5. — Longitudinal  Section  of  Library  Building. 

racks  of  the  swing  frame  type.     The  switches  for  controlling 
the  lights  are  in  charge  of  the  librarian. 
SECOND  FLOOR: 

This  floor  contains  the  children's  reference  room  and  circu- 
lating  department,    and   the   librarian's    room.     The    conditions 
are  very  much  the  same  as  on  the  floor  below. 
THIRD  FLOOR: 

The  main  reading  room  and  the  janitor's  apartments  are  on 
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the  third  floor.     In  addition  to  the  reading  tables  in  the  main 
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Fig.  6. — Basement  Plan. 

room  there  are  two  circular  seats  for  readers  around  the  col- 
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umns ;  also  two  exhibition  cases  for  the  display  of  photographs^ 
prints,  etc.  The  room  contains  portable  magazine  and  news- 
paper racks  but  has  no  bookshelves. 
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Fig.  7. — First  Floor  Plan. 

ROOP'. 

The  roof  is  used  as  an  open  air  reading  room.     The  floor  of 
this  room  is  of  dark  colored  tile,  the  walls  red  brick,  and  the 
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ceiling   formed   by  a   roof   of   dark  colored   tile    supported   on 
trusses. 

CARNEGIE  LIBRARY.     ST.  GABRIEL'S  PARK  BRANCH. 

Fixture  and  Lamp  Schedui<E. 
Basement.     Height,  g'-6" . 


No.  of 
pieces 

Draw- 
ing 
No. 

No.  of 
lamps 

Gas    Elec. 

Description 
ot  lamps 

Height 

of 

globe 

holder 

Name  of  roon 

Location  of 

lamp 

1 

Special  Regular 

Remarks 

I 

4A 

I 

i6-c.p. 
Edison 

Front  area 

Bracket  lamp 
weatherproof 
socket 

2 

15  A 

2 
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Edison 

Frosted 

7/_o// 

Boiler  room 
Coal  and  ash 

Ceiling  pend- 
ant 

I 

3A 

I          I 

8-c.p.  Ed. 

Comb,  bracket 

I 

I  A 

I 

8-c.p.  Ed. 

Elect,  bracket 

4 

15  G 

4 
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7/_6// 
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ant   6^^    ball 
Crystal  rough 
outside 

I 

15  H 

I 

32-c.p. 
Ed. 

7^-8^^ 
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I -lamp  pend- 
ant    W'  X  4^^ 
C.  R.  0. 
ball 

I 

3F 

I       I 

8-c.p.  Ed. 

Hall  at  foot 
of  stairs 
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bracket  chain 
pull 

I 

I  F 

I 

8-c.p.  Ed. 

Closet 
under 
stairs 

Elect,  bracket 
lamp  up, 
Ch.p. 

I 

I 

i6-c.p.  Ed. 
Frosted 

At  ceil 

.  Toilet 

Elect,  ceiling 
outlet   pris- 
matic 

I 

17  B 

I 

i6-c.p.  Ed. 
frosted  tip 

7/_6// 

Work  rm. 
by  B.Iv. 
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ant Ch.  p. 

8 

6B 

24 
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I 
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2 

2 

i6-c.p.  Ed. 
Frosted 

2  flexible 
fluted  glass 

portables  with 
shades 
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First  Story.    Height,  15' -3' 


10 


20 


Draw- 

No.  of 
lamps 

Gas    Elec. 

Description 
of  lamps 

Height 

globe 
holder 

Name  of  room 

Location  of 

lamp 

pieces       No. 

Special  Regular 

Remarks 

I              18 

I 
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Gem 

12^-6^^ 
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i-lamp  pend- 
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I 
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3F 
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I -lamp  brack- 
et, smoke  bell 
over,  ch.  p. 

19 
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On  west  wall 
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5B 
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5B 

8 
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I 
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8 

9 

i6-c.p.  Ed.   12^-6^^ 

Main  room 
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0 
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[O 

20 

i6.c.p.  Ed. 
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9 
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7D 

18 
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4  shelf  free 
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8E 

3 
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Frosted 
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revolving 
standard 
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First  Story.— 

■{Continued). 

No.  of 
T)ieces 

3 

Draw- 
ing 
No. 

14 

No.  of            Description 
lamps             of  lamps 

Height 

of 

globe 

holder 

Name  of  roon 

Location  of 

lamp 

Circulation 

1 

Gas 

Elec.     Special  Regular 
3  40-watt 

Remarks 
On  round 

Tantalum 

room 

tables 

Frosted 

I 

14 

I  40-watt 
Tantalum 
Frosted 

Reference 
room 

On  round 
tables 

4 

Lyc 

8                  i6-c.p.Ed. 

Reference 

Rectangular 

Frosted 

room 

tables 

Spread  =  3^- 
0^^    for  &-q" 
table  and  2^- 
6^^   for  5^-0^^ 
table 

2 

2    i6-c.p. 
Ed. 

2  flexible  ] 
fluted  glass 

portables    with 
;  shades 

Frosted 


Secofid  Story.     Height,  i§^-6^\ 


No.  of 
pieces 
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Draw- 
ing 
No. 

3F 


3F 


No.  of 
lamps 


Description 
of  lamps 


Gas 
I 


Elec. 
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Special  Regular 
8-C.p.  Ed. 


Height 

ot 

globe 

holder 


Name  of  room. 
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I  B 


5B 


I  B 


8-c.p.  Ed. 
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i6-c.p.  Ed. 

Frosted 
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Frosted 
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Ch.  p. 
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Lamp  down 
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I -lamp 
bracket 
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Elec.    ceiling 
outlet 
Prismatic 
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Second  Story. — {Continti 

ted). 

No.  of 
pieces 

Draw- 
ing 

No. 

No.  of 
lamps 

Description             Height 
of  lamps                    of 

Name  of  room 

I,ocation  of 

lamp 

Ga.f 

Elec. 

Special    Regular      holder 

Remarks 

I 

6B 

6 

l6-C.p.  Ed.    7^-6^^ 
Frosted       (ceil, 
tip                12^-0^^ 

Librarians 
room 

) 

6-lamp  ceil. 

pendant 

Spread=2^-6^^ 

2 

I  B 

2 

i6-c.p.  Ed. 
Frosted 
tip 

Librarians 
room 

Brackets, 
Lamp  down, 
Ch.  p. 

16 

9 

16 

8-c.p.  Ed. 

3  shelf 
cases 

Revolving 
bracket 

II 

II 

22 

i6-c.p.  Ed. 

5  shelf 
cases 

Mirror 
reflector 

4 

II 

8 

i6-c.p.  Ed. 

Bulletin 
board 

Mirror 
reflector 

2 

14 

2  40-watt 
Tantalum 
Frosted 

Circulating 
room 

Round  tables 

4 

Iv7C 

8 

i6-c.p.  Ed. 

Frosted 

tip 

Reference 
room 

Rectangular 
tables, 

3 

8E 

3 

i6-c.p.  Ed. 
Frosted  tip 

Delivery 

desk 

Revolving 

Adj.  Standard 

9 

18 

9 

187-watt      12^-6^^ 
Gem 

Ceiling 
main  room 

16^^  C.  R.    0. 
Pend.  balls 

Third  Story.     Height,  is'-o" . 
Janitors  Apartfnents.     Height,  ^'-o'' . 


No.  of 

Draw- 
ing 
No. 

Nc 
lai 

Gas 

.of 
lips 

Ele^. 

Description             Height 
of  lamps                    of 

Name  of  room 

Location  of 

lamp 

pieces 

Special  Regular      holder 

Remarks 

6 

18 

6 

187-watt       12^-6^^ 
Gem 

Ceil,  main 
room 

(reading) 

W  C.  R.    0 
Pend.  balls 

3 

3F 

3 
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8-c.p.  Ed. 
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brackets  on 
vStairs,  Ch.  p 

2 

3F 

2 
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bells,  Ch.  p. 

4 

4 
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bells,  Ch.  p. 
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Th ird  Story. — ( Continued  ) . 


Nc 

).  of 

Description             Height 
of  lamps                    of 

No.  of 

Draw- 
ing 

No. 
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mps 

Name  of  room 

pieces 
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c.     Speci: 
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3F 
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i6-c.p.  Ed.  8^-o^^ 
Frosted 

Kitchen 
ceiling 

Cluster 

porcelain 

reflector 

I 

3F 

I 

I 
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i6-c.p.  Ed. 

2   flexible   portables    with 

Frosted 

fluted  glass 

shades 

Roof. 

Height,  2o'-o''  to  truss. 

No 

.of 

Description             Height 

No.  of 
pieces 

Draw- 

lamps 

of  lamps                     of 

Name  of  room 

ing 
No. 

Gas 

Elec.    Special   Regular      holder 

XrfUcaiioii  01 
lamp 

Remarks 

3 

3 

32-c.p.Ed.  8^-0^^ 
Frosted 

Hall 

i-lamp,  Elec. 
pendants 
Prismatic 
enameled 

2 

2 

2 

N.  wall 

Gas  brackets 

2 

I  A 

2 

i6-c.p.  Ed. 

Book  lift  and  Ch.  p. 

motor  room 

^3 

i6 

i6 

125-watt      7^-0'^ 
Gem  with 
frosted  tip 

From  stair 
platform  to 
shade  holder 

Enameled 
reflectors 
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ILI.UMINATION    TESTS. 

Tests  of  illumination  were  made  under  my  direction  by  the 
Electrical  Testing  Laboratories,  on  the  first  floor  and  in  the 
roof  reading  room. 

The  first  floor  dimensions  are  approximately  6"]  feet  by  44 


®  0 


Delivery  Desk 


I 


Panel  X~\ 
Boif.  U. 


s 


X 


3  Shelves 
Childrens  Reference  Room 


1- 


: 


Fig.  8.— Second  Floor  Plan. 


feet,  and  the  height  of  the  ceiling  is  15  feet  3  inches  in  the  clear. 
General  illumination  is  provided  by  10,  187  watt  ceiling  pend- 
ant lamps,  each  equipped  with  a  prismatic  reflector,  both  lamp* 
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and  reflector  being  enclosed  in  a  16  inch  crystal  globe  roughed 
on  the  outside.  The  height  of  the  lamps  above  the  floor  is  12  feet 
6  inches.  The  localized  illumination  is  provided  on  the  reading 
tables,  stacks,  bookshelves,   etc.,  and  may  be  used  in  whole  or  in 


-ri-'i 


Fig.  9.— Third  Floor  Plan. 

part  depending  upon  the  requirements,  permitting  lamps  in  the 
reading  tables  or  on  bookshelves,  to  be  extinguished  when  not 
required. 

The   free   standing   bookcases   located   near  the   rear   of   the 
room  are  52  inches  high  and  9  feet  6  inches  long,  divided  into 
6 
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four  shelves  9  inches  apart.  These  are  illuminated  by  50  watt 
Gem  lamps,  backed  by  prismatic  reflectors  which  are  covered 
by  opal  shades,  green  on  the  outside,  located  6  feet  6  inches 


47-/i:- 


35'6i' 


^ 


^  ^  ^  ]^ 

I     Roof  Beading  Room  i 

^  ^  ^  ^ 


Fig.  10. — Roof  Reading  Room  Plan. 

above  the  floor,  and  immediately  over  the  center  of  the  aisles  be- 
tween stacks  as  illustrated  on  the  diagram,  (Fig.  28). 

The  seven  shelf  bookcases  upon  which  tests  were  made  are 
illuminated  by  special  two-socket  mirror  trough  wall  reflectors 
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holdings  the  lamps  in  a  horizontal  position,  and  equipped  with 

j^  —Ceiling  outlet,  electric. 

-n^  — Bracket  outlet,  electric. 

— ^J[  — Bracket  outlet,  combination. 

'■hH  — Baseboard  receptacle. 

VjjT  — Floor  outlet,  flush. 

jr\\  — Floor  outlet,  extension. 

^■^  — Gas  outlet. 

-^  —Wall  outlet,  shelf. 


$     —Switch. 

•     — Furniture  outlet. 

Fig.  II. — Key  to  Wiring  Symbols. 

GLA55WARE  A 


CiLAbS>WAP.E.B 


_. 3 

Glassware'D" 


Fig.  12.— Glasswares  A,  B,  C  and  D. 


50  watt  Gem  lamps.     The  location  of  these  reflectors  is  illus- 
trated in  the  diagram,   (Fig.  27). 

Tests   were  made  upon  the  low  bookcases  along  the  aisles. 
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These  cases  are  provided  with  local  illumination  from  8-cp.  car- 
bon filament  incandescent  lamps  on  swing  brackets  which,  when 


Cla)j\/wl;  E. 


GlasswareiH 


Fig.  13. — Glasswares  E,  F,  G  and  H. 


in  use,  extend  9  inches  beyond  the  edge  of  the  case  but  when  out 
of  use,  are  swung  over  the  top  of  the  rack  in  order  to  leave 
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^ 

Fig.  14.— Fixtures  Nos.  i,  2,  3  and  4. 

maximum  aisle  space.  These  lamps  are  44  inches  above  the 
floor  and  6  inches  above  the  top  of  the  case.  They  are  backed 
by  opaque  metal  reflectors,  shown  in  Fig.  29. 
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The  round  reading  tables  shown  on  the  drawings  are  provided 


mom  cutvATicfr 


Fig-  15- — Fixture  No.  5. 

with  local  illumination  from  40  watt  frosted  tantalum  lamps  in 
single  lamp  fixtures  having  14  inch  opal  dome  shades,  green  on 


Fig.  16. — Fixture  No.  6. 

the  outside.     Immediately  over  the  lamps  and  inside  the  dome 
shades  are  placed  prismatic  reflectors.     These  fixtures  are  placed 
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at  the  centers  of  the  tables,  with  the  tantalum  lamps  20  inches 
above  the  table  top,  as  shown  in  Fig.  30. 

The  rectangular  tables  (Fig.  29)  in  the  rear  of  the  room, 
are  illuminated  by  frosted  16  c.p.  Edison  lamps,  equipped 
with  reflectors  of  the  same  type  as  those  used  on  the  round 
reading  tables.  The  test  was  made  on  one  of  the  tables  which 
was  equipped  by  mistake  with  40  watt  tantalum  lamps  instead 


Fig.  17. — Fixtures  Nos.  yl,  and  7R. 

of  16  C.p.  Edison  lamps,  and  the  error  was  not  discovered  until 
it  was  too  late  to  complete  further  measurements  with  lower 
candle-power  lamps  in  time  for  presentation  in  this  paper. 

Figure  31  in  a  plan  of  the  reading  room  showing  the  approxi- 
mate location  of  tables  and  light  sources.  In  this  case  125  watt 
tip-frosted  Gem  lamps  are  used  in  conjunction  with  a  temporary 
installation  of  prismatic  reflectors  sand  blasted  inside.  The  tables 
are  not  fastened  as  they  are  in  the  floors  below. 

CONDITIONS  OF  TE^ST. 

Most  of  the  lamps  in  this  installation  were  installed  over  two 
months  ago  and  have  experienced  a  normal  amount  of  service 
since  installation.  As  slight  fluctuations  in  voltage  were  to  be 
anticipated,  and  as  it  was  desired  to  obtain  results  which  would 
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be  free  from  the  influence  of  such  fluctuations,  it  was  decided  to 
make  the  photometric  comparisons  with  a  standard  lamp  operated 


nr 


IDl 


Fig.  i8.— Fixture  No.  8. 


from  the  Hghting  system,  and  subject  to  the  same  fluctuations 
in  voltage  as  were  the  lamps  which  were  under  test.  Under  these 


Fig.  19. — Fixture  No.  9. 

conditions  accurate  results  are  secured  which  are  intercompara- 
ble. 
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On  the  first  floor  tests  were  made  to  show  the  amount  of 
general  illumination  and  also  to  show  illumination  produced  by 
both  the  ceiling  lamps  provided  for  general  illumination  and  the 
lamps  provided  for  local  illumination. 

METHODS    OF    TEST. 

The  intensity  of  vertical  illumination  was  measured  at  points 


No.  13 
Fig.  20. — Fixtures  Nos.  10,  11,  12  and  13. 


on  the  fronts  of  stacks  and  bookshelves  where  it  is  desired  to 
read  titles  on  the  backs  of  books.  Tests  were  also  made  of 
horizontal  illumination  in  aisles  immediately  in  front  of  stacks 
to  show  illumination  on  books  opened  and  held  in  such  positions 


MARKS  :  IIvIvUMINATlON  01^  CARNEGIE)  LIBRARIES 


559 


for  casual  inspection.     Other  tests  of  horizontal  illumination  were 
made  upon  reading  tables. 

In  conducting  these  tests  a  Sharp-Millar  portable  photometer 
was  used.  In  tests  of  vertical  illumination  at  the  book  stacks 
the  photometer  was  placed  on  the  shelves  with  the  illumination 
test  plate  x>;rtical,  and  in  the  position  occupied  by  the  title  of  a 
book.  An  observation  under  these  conditions  is  equivalent  to 
viewing  the  title  from  a  point  directly  in  front  or  to  viewing 
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Fig.  21. — Fixture  No.  14. 


the  test  plate  from  a  point  in  a  line  normal  to  its  surface.  Other 
tests  of  the  same  values  were  made  by  placing  white  blotting 
paper  (used  as  a  test  plate)  vertically  over  the  backs  of  the 
books,  and  observing  it  through  the  photometer  located  at  the 
point  from  which  one  would  naturally  view  the  titles  of  the 
books  in  practice.  This  constitutes  a  determination  of  the  illumi- 
nation intensity  through  observation  of  the  test  surface  at  angles 
varying  from  45  degrees  above  to  40  degrees  below  the  normal, 
depending  upon  the  height  of  the  shelf. 
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Fig.  22.— Fixtures  Nos.  16  and  15. 


Fig.  23. — Fixture  No.  17. 
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In  all  cases  the  illumination  is  stated  in  terms  of  that  pro- 
duced by  a  standard  lamp  placed  at  a  known  distance  from  the 
test  plate  which  was  viewed  as  in  the  test. 

RESULTS    OE    TKSTS. 

Results  of  tests  of  general  illumination  in  all  the  principal 


Fig.  24. — Fixture  No.  li 

working  positions  in  the  room  are  shown  in  foot-candles  on  the 
accompanying  chart,  (Fig.  26).  The  measurements  were  made 
on  a  horizontal  plane  approximately  3  feet  above  the  floor.  The 
average  of  all  values  is  i-i/io  foot-candles.  Data  for  this  floor 
are  as  follows : 
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First  Floor. 

Area,  square  feet 2950 

Contents,  cubic  feet 4495° 

Watts,  general  illumination 23 1 6 

Watts,  localized  illumination 4174 


Total  watts 6490 

General  Illumination. 

W^atts  per  sq.  f t,  o.  78 

Watts  per  cu.  ft. 0.05 

Average  foot  candles  on  horizontal  working  plane i.i 

Foot-candles  per  watt  per  sq.  f t. 1.4 

Approx.  spher.  candle-power  per  sq,  ^t. 0.2 

Approx.  spher.  candle-power  per  cu.  ft. 0.012 

Free  Standing  Book   Stacks. 
Results  of  the  vertical  illumination  on  book  stacks  are  shown 


Flan  of  fiatupx 


Fig.  25. — Fixture  No.  19. 

in  foot-candles  on  the  accompanying  diagram,  (Fig.  28),  the  ap- 
proximate location  of  the  test  plate  being  indicated  by  the  posi- 
tion of  the  foot-candle  values  on  the  diagram.  The  figures  marked 
(*)  indicate  results  of  test  obtained  with  the  photometer  on  the 
shelves.  Figures  underlined  indicate  results  obtained  by  view- 
ing the  test  plate  through  the  photometer  from  the  position  which 
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would   probably   be    assumed  by   the    average   observer.      This 
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Fig.  26. — First  Floor  Illumination,  all  lyOcal  I<anips  Being  Extinguished. 

shows  that  a  considerable  difference  is  found  when  the  test  plate 
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is  viewed  from  different  angles  and  when  test  plates  of  different 
character  are  used. 

Tests  were  made  co  show  horizontal  illumination  immediately 
in  front  of  the  stack  in  position  where  one  would  be  likely  to 
hold   a  book  removed  from  the  racks   for  casual  examination. 
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pjg  27.— Illumination  on  Seven-shelf  Wall  Book -cases. 

The  results  of  these  tests  are  indicated  on  the  diagram  in  figures 
inscribed  in  rectangles. 

Seven  Shelf  Wall  Bookcases. 
The  foot-candles  illumination  as  measured  on  vertical  white 
blotting  paper  as  described  in  the  tests  of  the  aisle  book  stacks, 
is  shown  in  Fig.  27,  the  figures  underlined  representing  the  foot- 
candles,  and  their  location  on  the  diagram  indicating  the  location 
of  the  test  plate  on  the  bookshelves. 
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As  in  the  previous  test,  measurements  were  made  to  determine 
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horizontal  illumination  in  front  of  the  bookshelves.     These  values 
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are  indicated  on  the  diagram  in  figures  inscribed  in  rectangles. 
Vertical  Illumination  on  Low  Bookshelves. 
This  test  was  conducted  with  a  blotting  paper  test-plate  as 
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Fig.  29 — Illumination  of  lyow  Book  Cases  and  Rectangular  Reading  Tables, 

described  in  the  tests  of  the  aisle  book  stacks.  The  results  are 
indicated  on  the  diagram,  (Fig.  29),  the  foot-candle  values  being 
placed  on  the  diagram  in  such  manner  as  to  indicate  the  location 
of  the  test-plate  in  the  test. 
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Round  Reading  J^ables. 
Test  I.  This  test  was  made  by  placing  the  blotting  paper 
as  a  test-plate  upon  the  surface  of  the  table  and  viewing  it 
through  the  photometer  from  the  angle  at  which  the  average 
reader  would  probably  view  a  book  and  receive  a  minimum  amount 
of  regular  reflection.  The  foot-candles  illumination,  angle  of 
view  and  distance  from  the  center  of  the  table  to  test  lamp,  were 
as  follows : 


Distance  from  center  of 
table  to  test  lamp 

6  inches 

12  inches 

18  inches 


Angle  of  view, 
with  the  horiz. 

50° 

50° 

50° 


Horizontal 
illumination 

7.9  ft.  C. 

7-5  ft.  C. 

7.1  ft.  C. 


//OR/ZOA/TAL    /ILUM/A/AT/OM 


£L£\/AT/Oh/    /^EAO//VG    7a/3Z.£-  AAM/» 

/-^o  ivATT  Tantalum  Lam^^ 

Fig.  30- — Illumination  of  Round  Reading  Tables. 

The  illustration  (Fig.  30),  shows  a  plan  of  this  table  and  lo- 
cation of  lamp  and  position  of  the  test-plate. 

Test  2.  This  test  was  made  on  the  round  table  in  a  similar 
manner  except  that  the  test-plate  was  viewed  through  the  photom- 
eter from  the  angle  at  which  a  reader  might  view  a  sheet  of 
paper  placed  flat  on  the  table.  It  may  be  noted  that  the  reader 
usually  places  his  book  near  the  ^^^'^  of  the  table  at  which 
position  the  effect  of  regular  reflection  is  practically  negligible. 
Results  of  measurements  in  this  test  follow: 


Distance  from  center  of 
table  to  test  lamp 

Angle  of  view 
with  the  horiz. 

Horizontal 
illumination 

6  inches 

40° 

9.6  ft.  c. 

12  inches 

50° 

8.9  ft.  c. 

18  inches 

67° 

7.2  ft.  c. 

24  inches 

90° 

4.8  ft.  c. 

568      TRANSACTIONS  OF  ILLUMINATING  ENGINE:e:RING  SOCIETY 

The  foot-candle  values  obtained  in  this  test  are  shown  on 
the   plan,    inscribed   m   rectangles. 

Rectangular  Reading  Tables. 

A  plan  of  one  of  these  tables,  showing  the  location  of  the 
two  lamps  which  provide  local  illumination,  is  shown  in  Fig.  29. 
Horizontal  illumination  values  determined  as  in  test  No.  2,  of  the 
illumination  of  the   round   reading  tables,   are   given   upon  the 
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Fig.  31.— Illumination  Measurements  in  Roof  Reading  Room. 


diagram,  the  angle  at  which  the  blotting  paper  was  viewed  from 
the  photometer,  being  in  each  case  approximately  45  degrees 
above  the  horizontal. 

Roof  Reading  Room. 

These  tests  were  made  with  the  regular  illumination  attachment 
of  the  photometer.  Results  are  shown  on  the  plan  (Fig.  31),  in 
terms  of  foot-candles  illumination,  the  figures  showing  at  the 
same  time,  by  their  position  upon  the  diagram,  the  location  of 
the  test-plate  during  the  test. 
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FEATURES   OF   THE   DESIGN. 

(i)  Freedom  from  glare.  No  unshaded  lamps.  Intrin- 
sic brightness  of  lighting  sources,  i/io  of  a  candle-power  per 
square  inch  of  actual  surface. 

(2)  General  illumination  combined  with  localized  illumina- 
tion. 

(3)  General  illumination  one  foot-candle  on  horizontal  work- 
ing plane. 

(4)  Illumination  (horizontal)  on  reading  tables,  average 
working   conditions,   5    foot-candles. 

(5.)  Illumination  (vertical)  on  bookshelves  i^^  to  4  foot- 
candles. 

Illumination  (horizontal)   on  bookshelves  4  to  8  foot-candles. 

(6)  Combination  of  general  and  localized  lighting  designed 
to  secure  maximum  illumination  on  the  working  spaces  at  mini- 
mum cost  of  operation  for  the  required  results. 

Ceiling  pendants  for  general  illumination  designed  for  efficient 
use  of  tungsten  lamps. 

(7)  Flexibility.  Design  of  switching  arrangements  for  eco- 
nomical use  of  light.  Lights  near  windows  placed  on  same  cir- 
cuits so  far  as  possible. 

(8)  Lamps  for  general  illumination  hung  high  but  low 
enough  to  avoid  sharp  contrasts  on  the  ceiling. 

(9)  Lamps  for  general  illumination  enclosed  in  16  inch  crys- 
tal glass  globes  roughed  on  the  outside. 

(10)  Lamps  for  table  lighting  provided  with  prismatic  re- 
flectors designed  to  throw  the  maximum  light  sideways  instead 
of  downwards.     Frosted  lamps  used. 

(11)  Lamps  for  lighting  low  bookshelves  screened  from  view 
by  opaque  parabolic  reflectors.  Lamps  for  lighting  wall  book- 
cases,  backed   by  opaque   trough   reflectors. 

(12)  Lamps  for  lighting  free  standing  bookcases  and  read- 
ing tables  screened  from  view  by  green  plated  glass  domes. 

(13)  Lamps  for  lighting  exhibition  racks  screened  by  re- 
flectors with  green  celluloid  covers. 

(14)  Wall  bracket  and  column  bracket  lamps  provided  with 
deep  enamelled  glass  diffusing  shades  of  sufficient  depth  to  hide 
the  lamp.     Frosted  tip  lamps. 

(15)  Cheerful  appearance  of  room. 
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DISCUSSION. 

Mr.  N.  W,  Gifford : — The  author  gives  5  foot-candles  for  the 
illumination  on  a  reading  table  and  I  should  like  to  know  if  that 
is  enough  or  too  much.  Is  there  not  a  possibility  that  the  popu- 
lar tendency  is  to  use  more  light  than  is  absolutely  necessary  in 
some  places?  Of  course,  generally  we  do  not  get  enough.  I 
think,  however,  that  the  possible  tendency,  is  to  give  too  much 
light  for  reading  purposes.  The  matter  has  been  somewhat  in- 
vestigated in  school  house  lighting  in  Boston  by  a  one-sided 
commission,  which  selected  a  value  of  2.5  foot-candles,  I  be- 
lieve. After  making  the  report  they  said  that  each  individual 
commissioner  was  not  quite  sure  whether  the  right  value  had 
been  chosen. 

Mr.  V.  R.  Lansingh  : — Were  the  average  of  the  values  given 
on  Fig.  26,  used  in  obtaining  the  specified  lumens  per  watt,  or  was 
the  total  area  divided  up  into  squares  and  the  true  average  taken? 

Mr.  P.  S.  Millar : — -The  library  described  in  this  paper  is  the 
only  well  lighted  library  which  I  have  ever  seen.  It  is  well 
worth  visiting  to  study  the  effects  produced.  I  want  to  express 
my  personal  appreciation  of  the  spirit  in  which  this  paper  is  pre- 
sented. These  engineering  data  placed  in  our  Transactions 
for  the  benefit  of  our  members  are  very  valuable. 

Mr.  C.  O.  Bond : — It  seems  to  me  that,  as  time  goes  on,  this 
Society  will  have  to  accumulate  data  of  this  kind  which  will 
eventually  form  a  complete  text -book  for  illuminating  engineers. 
Illuminating  engineers  are  certainly  largely  responsible  to  the 
next  generation  as  to  whether  they  shall  wear  glasses,  be  short- 
sighted or  otherwise  visually  deficient.  There  is  no  place  in 
which  to  begin  so  good  as  the  public  schools  and  libraries. 
Public  schools  are  illuminated  very  largely  by  daylight,  and  the 
burden  of  failure  in  this  respect  will  fall  largely  on  the  architect. 
The  case  of  the  library,  is  different  ;  school  children,  who  may 
do  their  reading  there,  will  probably  do  it  mostly  in  the  evening 
by  artificial  light.  This  lighting  problem  is  therefore  of  the  ut- 
most importance,  and  I  think  every  member  of  this  Society  who 
finds  himself  in  New  York  would  do  well  to  visit  this  library  and 
witness  the  success  to  which  Mr.  Millar  has  testified.  If  the 
Illuminating  Engineering  Society  stands  for  anything,  it  stands 
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for  the  preservation  of  that  best  of  all  of  the  God  given  five 
senses — the  sight. 

I  have  sometimes  thought  that  we  might  have  a  better  name 
for  this  organization  than  "The  Illuminating  Engineering  So- 
ciety," and  say  openly  that  it  is  a  society  for  the  preservation  of 
human  eyesight,  and  we  should  move  forward  and  take  that 
wide  ground,  wide  enough  to  allow  untechnical  people  to  come 
in  as  members  of  this  Society  also,  as  is  clearly  set  forth  in  the 
Constitution  and  By-Laws,  where  it  is  stated  that  "a  member 
may  be  anyone  interested  in  the  objects  of  the  Society."  For 
this  reason  unless  we  include  educational  papers  as  well  as  tech- 
nical papers,  we  shall  fail  in  our  mission.  I  say  this,  because 
there  is  among  some  members  a  feeling  that  merely  educational 
papers  should  be  barred  from  the  Transactions,  if  not  from 
Section  meetings.  In  my  opinion,  there  is  nothing  that  will  be 
so  beneficial  to  the  Society  in  promoting  its  growth  as  educa- 
tional papers.  I  dare  say  that  in  our  midst  there  cannot  be 
found  ten  men  fully  qualified  to  understand  the  technical  dis- 
cussions which  take  place,  while  we  find  ninety  who  are  earnest 
and  willing,  but  as  yet  cannot  comprehend  such  discussions, 
and  I  personally  am  well  down  among  the  ninety. 

We  should  make  the  work  of  the  Society  such  that  the  people 
generally  will  join  with  us.  I  think  Mr.  Marks  deserves  the 
thanks  of  this  Society  for  having  been  its  able  exponent  in  this 
way. 

Mr.  L.  B.  Marks  : — With  regard  to  the  proper  amount  of  il- 
lumination on  the  reading  tables,  there  is  some  question.  I  in- 
vestigated the  conditions  in  the  New  York  Public  Libraries  for  a 
period  of  six  months  before  attempting  the  illumination  design, 
and  came  to  the  conclusion  that  2.5  foot-candles  under  average 
working  conditions  is  not  nearly  enough  for  some  of  the  readers 
who  frequent  the  libraries.  There  is  a  wide  class  of  readers  of 
various  ages  and  conditions  of  eyesight.  The  print  in  some  of 
the  books  and  journals  is  fine  and  becomes  more  or  less  obscured 
through  frequent  handling  of  the  pages.  Some  of  the  books  are 
printed  in  foreign  languages. 

The  design  of  the  illumination  is  such  that  the  reader  may 
so  place  his  book  or  other  reading  matter  as  to  receive  as  high 
as  10  foot-candles  or  as  low  as  i  foot-candle,  as  evidenced  by  the 
tests.     Near  the  edge  of  the  table,  in  which  location  the  book  is 
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perhaps  more  frequently  placed  than  in  any  other,  the  illumi- 
nation is  about  5  foot-candles  when  the  book  is  flat  on  the  table. 
Just  outside  the  edge  of  the  table  the  illumination  is  considerably 
less  than  this. 

The  book  shelves  must  have  a  high  degree  of  illumination,  to 
enable  the  reader  to  decipher  easily  the  titles  of  books  without 
removing  them  from  the  shelves  and  to  permit  of  local  casual 
inspection  of  the  contents  of  the  books. 

An  important  problem  which  came  up  for  consideration  in 
working  out  this  design  was  that  of  general  illumination  versus 
localized  illumination.  It  was  decided  that  the  best  results  in 
illumination  for  this  case — intensity  of  illumination,  economy, 
low  intrinsic  brightness,  etc.  being  considered — could  be  secured 
only  by  a  moderate  general  illumination  supplemented  by  local- 
ized illumination  on  the  working  spaces. 

With  regard  to  Mr.  Gifford's  question,  as  pointed  out  by  me, 
the  illumination  of  the  school  room  is  quite  a  different  propo- 
sition from  that  of  public  library  lighting.  An  illumination  that 
would  be  satisfactory  in  a  school  might  not  be  at  all  adequate  in 
a  library  in  which  the  conditions  that  I  have  described  prevail. 

With  regard  to  Mr.  L<ansingh's  question,  I  pointed  out  in  the 
paper  that  the  value  for  the  average  foot-candles  on  the  horizon- 
tal working  plane  was  ascertained  by  taking  the  average  of  the 
illumination  values  given  on  the  chart,  Fig.  26.  The  test  sta- 
tions were  not  located  with  a  view  to  equal  spacing,  but  to  repre- 
sent the  working  spaces  throughout  the  room.  From  this  aver- 
age value  the  lumens  per  watt,  or  foot-candles  per  watt  per 
square  foot  were  calculated.  It  is  the  value  obtained  by  averag- 
ing the  illumination  values  which  were  observed  at  the  building 
but  it  is  not  the  average  value  for  the  whole  area.  The  value  of 
the  foot-candles  per  watt  per  square  foot,  measured  in  this  way, 
would  still  compare  quite  favorably  with  the  true  average  for 
prismatic  reflectors  and  exposed  carbon-filament  lamps.  The 
point  is  that  it  is  possible  to  enclose  the  lamps  entirely  in  diffus- 
ing globes  as  in  the  present  library  installation,  and  still  obtain 
very  good  efficiency . 

President  Bell : — The  Society  owes  a  debt  of  gratitude  to  Mr. 
Marks  for  placing  the  data  contained  in  his  paper  before  his 
colleagues. 


THE  INTRINSIC  BRIGHTNESS  OF  LIGHTING  SOURCES* 


BY  J.  E.  WOODWELL. 


The  importance  of  intrinsic  brightness  as  a  factor  in  practical 
illumination  has  been  long  appreciated  and  strongly  emphasized. 
At  no  time  has  this  factor  been  more  essential  from  the  stand- 
point of  hygiene  of  the  eye  than  the  present.  The  opportunities 
for  violation  of  the  laws  of  hygiene  have  not  only  been  enlarged, 
but  the  penalties  of  such  abuses  have  been  greatly  augmented, 
with  the  general  introduction  of  the  more  recently  developed 
lighting  sources  of  high  intrinsic  brightness,  such  as  the  metallic 
filament  incandescent  lamps,  flaming  arc  lamps  and  high  pres- 
sure gas  lamps.  In  too  many  of  the  recent  installations  the  most 
dazzling  gas  and  electric  lamps  are  ruthlessly  placed  in  such  po- 
sitions that  the  eye  cannot  escape  the  glare.  Moreover,  the  dis- 
tressing brightness  of  the  source  is  often  intensified  by  the  im- 
proper use  of  concentrating  reflectors. 

The  physiological  and  hygienic  effects  of  the  intrinsic  bright- 
ness of  luminous  sources  on  the  visual  organs  has  been  ably 
presented  by  specialists  in  papers^  read  at  previous  meetings  of 
the  Society,  so  that  reference  to  this  phase  of  the  subject  will  be 
confined  to  such  points  as  have  a  direct  bearing  upon  the  practi- 
cal design  of  illumination. 

Briefly,  any  brilliant  source  of  light  in  the  field  of  view,  how- 
ever small,  causes  a  contraction  of  the  pupil  of  the  eye  and  re- 
duces the  effect  of  illumination  received  from  other  parts  of  the 
visible  field.  A  contraction  of  the  pupil  also  takes  place  even  if 
the  bright  spot  is  viewed  only  occasionally.  Furthermore  the 
continuous  or  occasional  presence  of  a  bright  light  source  in 
the  field  of  view  impairs,  temporarily  at  least,  the  sensitiveness 
of  the  eye  itself,  thus  again  reducing  the  effectiveness  of  illumi- 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  EJngineer- 
ing  Society,  Philadelphia,  October  5-6,  1908 

2  "  Some  Physiological  Factors  in  Illumination  and  Photometry,"  Dr.  I<ouis  Bell; 
"  lyight  and  Illumination,"  Charles  P.  Steinmatz  ;  "  Matters  of  Illumination  Which  Affect 
the  Kye,"  Dr.  Wendell  Reber  ;  "  Effect  of  lyight  upon  the  Eye,"  Dr.  H.  H.  Seabrook  ; 
"  Eyesight  and  Artificial  Illumination,"  Dr.  John  T.  Keall  ;  Artificial  Illumination  from 
a  Physiological  Point  of  View,"  Dr.  Myles  Standish. 
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nation.  Moreover  the  contraction  of  the  iris  in  the  presence  of 
bright  light  sources  soon  reaches  the  limit  of  its  protective  fac- 
ulty, beyond  which  it  responds  feebly  to  an  increase  in  bright- 
ness. The  control  of  the  pupillary  aperture  appears  to  be  de- 
signed to  strengthen  the  vision  under  comparatively  weak  illumi- 
nation, rather  than  to  protect  against  excessive  intensity  or 
brightness. 

Recent  researches  of  Andre  Broca  and  F.  Laporte^  indicate 
that  the  pupillary  contraction  caused  by  bright  light  sources 
within  the  peripheral  vision  reduces  visibility  in  proportion  to 
the  decrease  in  working  illumination  and  produces  the  greatest 
eye  fatigue  in  comparatively  weak  illumination.  The  exhaus- 
tion and  injurious  effect  was  greatly  reduced  on  the  other  hand 
under  an  illumination  of  from  1.86  to  3.72  foot-candles  which 
was  shown  by  tests  to  be  favorable  for  work,  taking  into  con- 
sideration the  physiological  properties  of  the  eye  and  the  mean 
limits  of  its  accommodation. 

The  intrinsic  brightness  of  the  luminous  source  rather  than  the 
dista7ice  of  the  source  from  the  eye  was  shown  to  be  the  principal 
cause  for  pupillary  contraction.  This  same  careful  investigation 
also  made  it  evident  that  the  different  light  sources  may  be 
classed — with  reference  to  their  action  in  producing  pupillar}^ 
contraction  and  residual  images — in  the  order  of  their  respective 
intrinsic  brightness. 

The  researches  referred  to  above  as  well  as  other  previous  in- 
vestigations do  not  indicate  that  the  protective  faculty  of  the 
eye  is  susceptible  to  the  energy  effect  or  to  light  rays  of  different 
color. 

Ultra  violet  rays  have  been  regarded  by  some  authorities  as 
harmful,  but  it  has  been  shown  that  these  rays  in  the  light  from 
various  forms  of  incandescent  illuminants  of  high  intrinsic  bright- 
ness are  with  few  exceptions,  much  less  than  in  direct  or  even 
reflected  sunlight.  Other  invisible  radiation  of  much  more 
harmful  character  may  accompany  not  only  the  newer  light 
sources  of  high  incandescence  but  those  of  lower  temperature  as 
well. 

The  more  important  hygienic  effects  of  light  sources  of  high 

1  Etude  des  princi pales  sources  de  lumiere  au  point  de  vue  de  I'hygiene  de  I'oeil.  MM. 
Andr6  Broca  et  F.  Laporte.  Bulletin  of  the  Soci^t6  Internationatle  des  Electricians,  Vol. 
VIII  (2nd  series),  No.  76. 
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intrinsic  brilliancy  within  the  field  of  vision   may   then  be  sum- 
marized as  follows  : 

1.  Contraction  of  the  pupil  is  caused,  thereby  reducing  the 
amount  of  light  entering  the  eye  and  the  consequent  visbility. 

2.  The  sensibility  of  the  visual  organs  is  temporarily  impaired 
by  residual  images  and  retinal  fatigue. 

3.  The  effects  of  (i)  and  (2)  are  also  produced  by  the  oc- 
casional view  of  bright  sources  or  by  subjecting  the  eye  to  sud- 
den fluctuations  of  light. 

4.  Intrinsic  brightness  X'B^ih^x  than  the  distance  of  the  source 
from  the  eye  is  the  principal  cause  for  pupillary  contraction. 

5.  The  harmful  effects  are  greatest  in  proportion  to  the  de- 
crease in  the  working  illumination  and  are  considerably  reduced 
under  an  illumination  exceeding  2  foot-candles. 

6.  The  different  luminous  sources  may  be  classed  with  refer- 
ence to  producing  pupillary  contraction  and  after-images  in  the 
same  order  as  their  respective  intensities. 

In  applying  the  knowledge  to  the  laws  of  hygiene  of  the  eye 
to  the  design  of  artificial  illumination,  the  best  criterion  of  the 
proper  values  of  intrinsic  brightness  of  the  light  source,  as  well 
as  of  other  essential  factors,  is  daylight. 

The  intrinsic  brightness  of  nearly  all  of  the  artificial  light 
sources  being  so  much  higher  than  that  of  natural  daylight  is  the 
principal  cause  of  eye-strain  and  wear  and  tear  on  the  visual 
organs.  Even  the  most  successful  efforts  to  secure  diffusion  in 
artificial  illumination  by  the  so-called  indirect  method  cannot  be 
compared  with  the  diff"usion  of  daylight.  From  this  point  of 
view  diffusion  is  the  most  important  single  quality  of  daylight. 
Diffusion  may  be  obtained  in  artificial  illumination  by  enlarging 
the  area  or  surface  of  the  light  source,  by  shading  the  source 
with  diffusing  globes  or  screens,  or  by  concealing  the  source  and 
utilizing  the  diffuse  reflection  of  the  surfaces  which  receive  the 
direct  light. 

Whatever  method  may  be  applied  in  practice  to  secure  im- 
proved diffusion  and  reduced  intrinsic  brightness  of  the  artificial 
sources,  it  is  most  important  to  determine  the  values  of  intrinsic 
brightness  which  are  both  safe  and  advantageous  to  apply  to  the 
design  of  illumination. 

The  intrinsic  brightness  of  a  light  source  is  the  candle-power 
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or  iyitensity  ^the  source  divided  by  the  area  of  the  luminous  sur- 
face. The  intrinsic  brightness  of  a  small  surface  is  the  candle- 
power  perpendicular  to  the  surface  divided  by  the  area  of  the 
surface.  Intrinsic  brightness  is  stated,  therefore,  in  candle- 
power  per  square  inch,  or  in  Hefners  per  square  centimeter  when 
metric  units  are  employed. 

Admitting  the  qualities  of  daylight  to  be  the  proper  criterion 
for  the  factors  of  artificial  illumination,  one  is  confronted  with 
the  problem  of  determining  the  virtual  intrinsic  brightness  of  the 
flux  of  light  received  through  a  window  or  skylight  from  the  sky 
under  the  variations  imposed  by  nature. 

Measurements  taken  by  Basquin  show  a  mean  annual  bright- 
ness for  zenith  sky  in  Chicago  of  500  candles  per  square  foot,  or 
about  3.47  candles  per  square  inch,  with  a  range  from  200  to 
iioo  candles  per  square  foot  according  to  the  month  and  other 
conditions.  Making  due  allowance  for  the  decrease  in  bright- 
ness near  the  horizon  for  natural  reasons,  and  the  reduction  of 
the  effective  sky  area  by  buildings  and  other  local  objects,  the 
virtual  intrinsic  brightness  of  the  sky  in  relation  to  the  flux  of 
light  received  through  an  ordinary  vertical  window,  under  aver- 
age conditions  probably  rarely  exceeds  one-fourth  of  the  above 
figure. 

Measurements  of  the  daylight  illumination  received  in  rooms 
at  various  distances  from  a  window  fitted  with  a  ground  glass 
screen  indicate  also  that  the  virtual  brightness  of  the  flux  of 
light  from  the  sky,  direct  sunlight  excluded,  though  varying 
■widely  under  different  conditions,  is  not  often  more  than  one 
candle-power  per  square  inch.  Even  such  a  comparatively  low 
degree  of  brightness  exposed  to  view  affords  discomfort  to  the 
eye.  Shades  and  screens  are  depended  upon  to  modify  all  but 
the  most  moderate  natural  brilliancy  so  that  with  a  satisfactory 
interior  illumination  the  virtual  intrinsic  brightness  of  the  flux 
of  daylight  through  windows  may  be  as  low  as  o.i  or  even  o.oi 
candle-power  per  square  inch. 

Even  an  abnormally  high  illumination  of  10  foot-candles  on  a 
white  diffusing  surface,  such  as  white  blotting  paper,  gives  an  in- 
trinsic brightness  of  the  surface,  figured  as  a  flat  source  of 
secondary  illumination,  very  little  more  than  0.02  candle-power 
per  square  inch,  neglecting  absorbtion  which  would  reduce  the 
apparent  brightness  to  0.016  candle-power  or  less. 
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Compared  with  such  figures  the  intrinsic  brightness  of  all  of 
the  naked  artificial  luminous  sources  is  enormously  high,  while 
the  values  secured  in  practice  by  the  use  of  shades  and  diffuse 
reflecting  surfaces  are  generally  more  than  ten  times  as  great. 

A  number  of  authorities  regard  four  or  five  candle-power  per 
square  inch  safe  and  admissible  and  one  or  two  candle-power  good 
practice.  While  the  use  of  even  the  lower  of  these  values  in  arti- 
ficial illuminations  is  questioned,  it  would  result  in  a  most  pro- 
nounced improvement  from  the  hygienic  standpoint  and  alleviate 
one  of  the  principal  causes  of  eye  strain  and  fatigue. 

Acid-frosted  or  sand-blasted  incandescent  carbon  or  metallized 
filament  lamps  as  commonly  used  in  exposed  positions  without 
reflectors  have  an  intrinsic  surface  brightness  of  from  0.75  to  i.o 
candle-power  per  square  inch.  When  in  the  field  of  vision  how- 
ever, such  frosted  lamps  frequently  produce  a  most  distressing 
and  harmful  result,  and  reduce  the  value  of  the  effective  illumi- 
nation. 

In  consideration  of  the  foregoing  data,  as  well  as  from  actual 
experience  in  the  design  of  illumination,  it  is  the  opinion  of  the 
writer  that  from  0.2  to  o.i  candle-power  per  square  inch  of 
diffusing  surface,  is  none  too  low  for  the  safest  and  best  practice 
where  artificial  sources  must  necessarily  be  placed  in  the  con- 
stant or  even  occasional  field  of  vision.  The  use  of  such  a  factor 
is  necessarily  dependent  upon  the  local  conditions  and  especially 
upon  the  intensity  of  general  illumination  of  the  objects  viewed 
and  the  corresponding  pupillary  aperture,  as  noted  by  Broca 
and  lyaporte. 

In  the  presence  of  a  highly  illuminated  field  of  view  the  iris 
diaphragm  of  the  eye  is  "stopped"  down  almost  to  a  minimum, 
and  the  direct  effect  of  any  light  sources  within  the  field  of  vision 
is  correspondingly  lessened.  These  conditions  occur  in  practice 
where  a  room  or  space  is  almost  uniformly  illuminated  by  ex- 
posed lighting  sources  of  high  brilliancy  and  there  are  neither 
dark  surfaces,  sharp  contrasts  nor  shadows  which  would  require 
the  eye  to  work  with  a  larger  pupillary  aperture.  Such  con- 
ditions, while  tending  to  reduce  the  deleterious  effect  of  brilliant 
light  sources,  are  not  the  most  favorable  for  best  vision.  Work- 
ing in  such  an  environment  it  is  not  strange  that  a  comparatively 
high  intensity  of  illumination  in  foot-candles  is  frequently  de- 
manded and  the  eye  appears  insatiable.     From  the  standpoint  of 
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efficiency,  therefore,  as  well  as  of  hygiene  the  conditions  must 
favor  a  pupillary  aperture  which  is  sufficiently  large  to  work  the 
eye  at  its  maximum  sensibility.  To  accomplish  this  result  the 
intensity  of  illumination  should  not  only  be  moderate,  in  general 
from  1.5  to  4  foot-candles,  but  the  intrinsic  brightness  of  the 
sources  should  be  reduced  to  0.2  or  o.  i  candle-power  per  square 
inch  of  diffusing  surface  ;  or  else  the  sources  must  be  completely 
excluded  from  the  field  of  vision. 

With  a  weak  illumination,  however,  requiring  the  eye  to  work 
at  or  near  the  limit  of  opening  of  the  pupillary  aperture  the  eye 
is  extraordinarily  sensitive  to  the  direct  light  from  sources  of 
even  moderate  intrinsic  brightness,  and  under  such  circumstances 
the  actual  apparent  surface  brightness  of  the  source  cannot  be 
kept  too  low  for  safety.  This  point  is  illustrated  by  the  distres- 
sing effect  of  frosted  and  shaded  lamps,  and  sometimes  of  candles, 
in  the  field  of  vision  under  the  conditions  of  a  weak  general 
illumination  frequently  found  in  theatres,  churches  and  audi- 
toriums. 

It  is  possible  that  the  effects  of  over-stimulation  by  means  of 
varying  intrinsic  brightness  has  some  such  relation  to  the  pupil- 
lary aperture  through  the  range  of  accommodation  of  the  eye  as 
that  of  the  ability  of  the  eye  to  note  a  constant  fractional  differ- 
ence in  luminosity  through  a  wide  range  of  intensities  of  illumi- 
nation, according  to  the  law  of  Fechner. 

The  distance  of  the  luminous  source  from  the  eye  within  the 
limits  ordinarily  found  in  interior  illumination  does  not  appear 
to  be  material,  except  in  its  relation  to  the  position  of  the  source 
and  its  inclusion  or  exclusion  of  the  field  of  vision. 

The  preceding  discussion  has  been  confined,  to  the  direct  effects 
and  modification  of  the  intrinsic  brightness  of  luminous  source, 
but  it  is  evident  that  the  same  conditions  will  apply  equally  well 
to  the  reduction  of  the  intrinsic  brightnessof  all  illuminated  sur- 
faces which  become  secondary  sources  of  illuminations.  Even 
with  indirect  illumination  the  ratio  of  brightness  of  the  reflecting 
surfaces  to  that  of  the  illuminated  field  may  be  excessive. 

The  foregoing  data  will  have  their  principal  application,  how- 
ever, in  the  design  of  globes  and  shades  which  are  commonly 
employed  to  reduce  the  intrinsic  brightness  of  exposed  lighting 
sources.  In  arriving  at  the  resultant  intrinsic  brightness  it  is 
necessary  to  refer  to  the  spherical  candle-power  of  the  source  and 
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to  make  allowance  for  the  absorption  by  the  glass  which  may 
vary  between  from  15  to  25  per  cent,  for  alabaster  to  60  per  cent. 
or  more  for  opal  or  porcelain  glass.  The  absorption  by  ground 
glass  will  vary  according  to  the  process  employed  in  roughing  or 
sand  blasting,  but  it  will  generally  be  between  20  and  40  per 
cent.  The  thickness  as  well  as  the  quality  of  the  glass  will  also 
have  a  marked  influence  upon  the  absorption.  Moreover  the 
,  distribution  of  the  light  from  this  source  will  be  modified  by  sur- 
rounding the  lamp  with  an  inclosing  globe.  The  most  perfect 
diffusion  will  be  received  by  a  ground  opal  glass,  but  at  a  sacri- 
fice of  from  40  to  60  per  cent,  of  the  total  light.  The  more 
transparent  glasses,  on  the  other  hand,  do  not  sufficiently  diffuse 
the  light  from  the  source.  In  any  event  however,  it  is  important 
that  the  size  of  the  diffusing  globe  or  shade  should  be  pro- 
portioned to  the  candle-power  of  the  source,  so  that  the  reduction 
of  intrinsic  brightness  will  be  approximately  uniform.  Fixture 
designs  employing  exposed  frosted  lamps  together  with  other 
lamps  in  large  inclosing  globes  of  comparatively  low  intrinsic 
brilliancy  are  especiallj^  objectionable. 

The  rules  and  factors  which  are  applied  to  inclosing  globes 
have  equal  force  when  applied  to  prismatic  or  other  open  shades 
having  a  sand-blasted  or  enamelled  diffusing  surface. 

In  conclusion,  it  is  probably  unnecessary  to  state  that  this 
paper  treats  merely  of  certain  practical  aspects  of  the  factor  of 
intrinsic  brightness  of  luminous  sources  in  the  most  preliminary 
way.  So  much  depends  upon  the  actual  working  conditions  and 
requirements  that  no  hard  and  fast  rules  or  specific  data  can  be 
given  which  can  be  applied  without  modification  in  practical 
artificial  illumination.  The  technology  of  the  subject  is  worthy 
of  extended  development  and  research. 

The  most  essential  point  is  to  reduce  the  intrinsic  brightness 
of  all  sources  within  the  field  of  vision  to  not  over  0.2  candle- 
power  per  square  inch  of  diffusing  surface. 


DISCUSSION. 

President  Bell :  — I  am  particularly  glad  to  note  from  the  work 
referred-to  in  the  report  that  the  pupil's  contraction  is  actually 
and  practically  a  function  of  the  intrinsic  brilliancy.  I  have  al- 
ways argued  that  relation  in  discussing  the  matter  of  general 
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principles,  based  on  experimental  data,  and  I  am  extremely  glad 
to  have  it  confirmed. 

Mr.  D,  McFarlan  Moore: — I  am  pleased  to  note  that  gradually 
the  Society  is  giving  its  specific  attention  to  the  half  dozen  or  so 
vital  factors  in  any  system  of  lighting,  including  color  and  in- 
trinsic brilliancy.  A  few  years  ago  a  convention  of  this  kind 
probably  would  not  have  given  attention  to  two  such  matters  as 
color  and  intrinsic  brilliancy. 

Mr.  Woodwell's  statement  that  the  intrinsic  brightness  rather 
than  the  distance  of  the  source  from  the  eye  is  the  cause  for  the 
pupil's  contraction  is  illustrated  in  exterior  lighting  in  a  remark- 
able way.  I  refer  to  the  lighting  of  large  fairs.  When  the 
buildings  in  the  fair  grounds  are  outlined,  for  example,  with  in- 
candescent lamps,  one  arc  lamp,  even  a  quarter  of  a  mile  distant, 
but  in  the  range  of  vision,  spoils  the  entire  effect  and  must  be  re- 
moved in  order  to  make  the  exhibit  of  incandescent  lighting 
what  the  illuminating  engineer  intended  it  to  be. 

It  is  noteworthy  that  the  theoretical  specifications  as  indicated 
in  this  paper  are  met  by  only  one  source  of  lighting  directly.  I 
refer  to  the  vacuum  tube.  That  is  to  say,  all  other  forms  of  lamp, 
and  I  think  there  are  no  exceptions,  ndXMXdiCiy  generate  light  ini- 
tially at  intrinsic  brilliancies  far  in  excess  of  daylight  as  a  stand- 
ard, and  far  in  excess  of  the  values  stated  in  the  paper.  In  the 
case  of  the  vacuum-tube,  however,  the  brilliancy  of  the  light  can 
be  regulated  over  a  very  wide  range,  but  it  is  oX^ 3.ys  generated  at 
the  intensity  at  which  it  is  to  be  used.  This  point  is  one  of  great 
importance. 

The  recent  advances  that  have  been  made  in  the  various 
forms  of  incandescent  lamps  have  been  due  largely  to  increasing 
the  intrinsic  brilliancy.  Such  lamps  are  not  fit  to  be  used  until 
they  are  enclosed  in  some  form  of  diffusing  globe,  which,  as  the 
paper  suggests,  may  consume  60  per  cent  of  the  light. 

This  society  should  secure  more  data  as  to  the  relative  efficien- 
cies of  various  systems  of  illumination  under  the  conditions  in 
which  they  are  normally  used. 

In  a  comparatively  recent  paper  before  the  American  Institute  of 
Electrical  Engineers  I  stated  that  when  a  vacuum  tube,  i . 75  inches 
in  diameter,  was  operated  at  six  hefners  per  foot,  or  0.33  candle- 
power  per  square  inch,    it  produced  a  remarkable  amount  of  use- 
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ful  illumination  from  an  apparently  very  dim  source.  These  figures 
are  intensely  interesting  in  connection  with  the  tungsten  lamp 
which  has  an  intrinsic  brilliancy  of  about  2000  candle-power  per 
sq.  in.  In  other  words,  an  average  vacuum  tube  of  one  two 
thousandths  its  intensity,  will  produce  an  equal  illumination. 

Mr.  Carl  Herifig: — Mr.  Woodwell  has  anticipated  a  criticivSm 
I  was  going  to  make,  by  changing  a  certain  numerical  value  in 
his  paper,  to  which  I  called  his  attention  yesterday.  I 
think  it  well  however  to  lay  some  stress  on  this  point,  because  I 
think  the  error  which  he  had  made  in  his  paper  has  also  been 
made  by  many  others.  I  refer  to  the  method  of  calculating  the 
candles  per  square  inch.  In  his  paper,  as  originally  stated,  he 
has  divided  the  candle-power  by  the  total  area  of  the  globe. 
Now  that  method,  in  my  opinion,  is  wrong,  as  he  has  acknowl- 
edged by  changing  it  to  the  "projected"  area.  For  a  globe 
this  makes  a  change  to  four  times  the  value  obtained,  which  is 
too  large  to  be  overlooked.  Some  of  the  figures  given  in  the 
paper  should  therefore  be  multiplied  by  four. 

The  same  mistake  has  apparently  been  made  in  the  earlier  lit- 
erature, in  which  the  candles  per  square  inch  were  calculated  by 
dividing  the  candle-power  by  the  total  area  ;  it  is  only  the  pro- 
jected area,  and  not  the  total  area,  which  should  be  used.  I  go 
a  step  further  than  he  does  and  claim  it  is  actually  wrong  to  cal- 
culate it  the  other  way.  It  is  not  a  question  of  preference,  but  a 
question  of  which  is  the  right  way. 

I  would  like  to  take  this  opportunity  to  endorse  a  statement 
which  he  make  to  the  effect  that  sometimes  with  a  weaker  illum- 
ination one  can  see  better  than  with  a  stronger,  if  in  the  latter 
case  the  eye  is  exposed  to  some  glaring  light  in  front  of  it. 
I  made  that  statement  many  years  ago,  before  a  prominent  soci- 
ety, and  was  ridiculed.  I  was  told  that  the  photometer  was  the 
only  proper  means  of  measuring  light  for  seeing  things,  and  I 
am  glad  to  learn  that  it  is  being  recognized  now  that  the  eye  too 
has  a  great  deal  to  do  with  it.  The  question  is  not  one  solely  of 
photometry,  but  of  the  distribution  of  light  as  well. 

Mr.  V.  R.  Lansingh : — It  seems  to  me  there  is  another  side 
to  this  question  which  should  be  brought  out.  It  is  not,  in  my 
opinion,  simply  the  intrinsic  brilliancy  or  candle  power  per 
square  inch,  but  also  the  total   amount  of  light.     With  a  large 
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area  of  low  intrinsic  brilliancy,  the  effect  may  be  just  as  hard  on 
the  eyes  as  a  smaller  source  of  high  intensity.  In  the  case,  for 
example,  of  the  mercury-vapor  lamp,  with  an  intrinsic  brilliancy 
of  onh^  nineteen  candle-power  per  square  inch,  the  effect  is  ex- 
tremely trying  on  the  eye,  although  the  intensity  is  comparative- 
ly low.  This  is  due  to  the  fact  that  the  tube  is  so  long  that  the 
quantity  of  light  is  very  large.  I  think  both  of  these  things 
must  be  taken  into  account  in  order  to  protect  the  eye. 

Mr.  J.  E.  Woodwell : — Mr.  Moore  referred  to  the  loss  of  60 
per  cent,  in  enclosing  a  lamp  within  a  globe.  That  loss  represents 
a  possible  limit  under  certain  conditions  which  might  arise,  and 
in  some  cases  that  loss  might  be  fully  justified.  However,  it  is 
not  necessary  in  the  majority  of  cases,  to  make  such  a  sacri- 
fice, and  25  or  30  per  cent,  maximum  would  more  properly  rep- 
resent the  loss  by  enclosing  the  lamp  in  a  diff'usiug  globe. 

Regarding  Mr.  Hering's  point,  I  think  it  is  a  matter  of  defini- 
tion and  conception  of  the  phrase  "  intrinsic  brightness."  I  un- 
derstand the  word  "intrinsic"  to  mean  actual  brightness.  I 
further  understand  the  definition  of  the  phrase  as  used  by  the 
Geneva  Congress  to  mean  the  intensity,  measured  in  a  direction 
normal  to  the  surface,  per  unit  area.  If  the  entire  surface  of  the 
sphere  is  taken  as  I  have  done,  I  think  it  falls  within  the  con- 
ception of  that  definition  just  as  fully  as  the  projected  area 
which  Mr.  Hering  advocates. 

I  have  been  unable  to  refer  to  the  definition  itself,  but  base  my 
knowledge  upon  the  quotations  which  have  been  made  of  that 
definition  which  have  appeared  in  current  literature.  It  is  a  mat- 
ter to  which  I  am  somewhat  indifferent,  because  the  point  of  the 
paper  was  to  emphasize  the  great  importance  of  reducing  the  in- 
trinsic brightness  of  lighting  sources,  from  a  physiological  point 
of  view. 

If  both  of  the  comparative  values  given  in  my  paper  are  multi- 
plied by  four,  the  same  relation  holds  and  the  point  is  proven 
that  the  intrinsic  brightness  of  all  our  artificial  sources  must  be 
greatly  lowered. 

The  matter  of  the  absolute  definition  of  intrinsic  brightness 
"should  come  to  the  attention  of  the  Committee  on  Nomenclature 
and  Standards,  along  with  some  of  the  other  conceptions  which 
were  brought  up  in  Mr.  Hering's  paper. 
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Mr.  Lansingh's  point,  as  to  the  effect  of  quantity,  is  a  matter 
upon  which  there  should  be  considerable  research  to  determine 
the  actual  physiological  effect.  It  is  not  clear  to  me  how  the 
effect  of  two  sources  of  the  same  brightness  but  of  different 
size  or  area  differ  though  the  larger  one  may  impinge  more  fully 
on  the  surfaces  of  the  retina.  Where  there  are  multiple  sources, 
in  view,  the  effect  may  be  likened  to  a  bombardment  of  bird  shot, 
compared  with  a  single  bullet.  The  cells  of  the  eye  are  broken 
down  by  a  bombardment  from  the  numerous  or  large  sources  of 
light  impinging  on  the  retina. 


SOME  EXPERIMENTS  ON  REFLECTIONS  FROM 
CEILING,  WALLS  AND  FLOOR.^ 


BY  V.  R.  LANSINGH  AND  T.  W.  ROI.PH. 


The  tests  described  below  were  undertaken  to  deter- 
mine the  values  of  the  reflection  of  light  from  ceiling,  walls  and 
floor  under  average  conditions  of  artificial  lighting.  To  obtain 
these   values   actual   measurements   of   illumination   were   made 


Fisr.  I. — Plan  of  Test  Room. 

with  each  of  the  eight  possible  combinations  of  light  and  dark 
ceiling,  walls  and  floor.  The  tests  were  carried  on  during  the 
afternoon  and  evening  of  July  23,  24  and  29,  1908. 

The  results  of  the  tests,  as  taken  up  in  this  paper  comprise 
three  parts: — 

(i) — Analysis  of  the  values  of  increase  in  illumination  under 
various  conditions;  (2) — Analysis  of  the  effect  of  reflection  on 
uniformity  of  illumination;  (3) — Determination  of  the  angle  be- 
low which  lumens  generated  are  lumens  effective. 

TEST  ROOM. 

The  room  selected  was  24  ft.  3  in.  long,  11  ft.  6  in.  wide  and 
10  ft.  I  in.  high.  It  was  not  quite  rectangular  in  shape,  one 
end  sloping  so  that  the  maximum  length  was  25^  ft.  9  in.  and  the 
minimum  was  22  ft.  Three  outlets  were  located  as  shown  on 
plan  of  Fig.   i.     The  walls  were  lined  with  dark  green  burlap. 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  October  5-6,  1908. 
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The  floor  was  nearly  covered  by  dark  green  rugs  and  the  un- 
covered part  was  stained  a  dc^rk  cherry  color.  Three  doors  in 
the  walls  were  stained  a  dark  cherry  color.  There  were  no 
windows  in  the  room.  For  the  experiments  with  light  ceiling, 
walls  or  floor,  use  was  made  of  a  lining  of  light  cream-coloied 
wrapping  paper. 

LAMPS  AND   RE:FIvE:CT0RS. 

The  lighting  units  employed  were  40- watt,  115-volt,  tungsten 
lamps,  and  the  reflectors  were  of  the  prismatic  equal  prism  type 
The  reflectors  were  built  to  give  what  is  termed  the  bowl  distri- 
bution and  were  of  a  new  design  recently  introduced.  The 
light  units  in  each  case  were  placed  close  to  the  ceiling,  the 
socket  being  approximately  flush. 

After  the  test  had  been  completed,  it  was  found  that  better 
results  might  have  been  obtained  b}^  using  100  watt  lamps,  as 
higher  illumination  values  would  have  resulted.  This  fact 
is  stated  for  the  benefit  of  those  making  tests  of  this  nature 
in  the  future. 

INSTRUMENTS. 

The  instruments   usedi  were  as  follows : — 

A  Sharp-Millar  photometer  with  a  112-volt  standard  lamp; 
a  Weston  alternating  and  direct  voltmeter  for  obtaining  the 
voltage  of  the  line  at  each  reading;  a  Weston  milli-voltmeter 
calibrated  as  an  ammeter  for  maintaining  the  standard  lamp 
at  the  proper  amperage. 

METHOD  OE   TEST. 

Assuming  the  room  rectangular  and  the  outlets  approximately 
equally  spaced,  one-quarter  of  the  room  was  divided  into  eight 
equal  squares,  each  having  a  side  of  3  ft.  A  station  was  placea 
at  the  center  of  each  square.  The  average  of  these  eight  read- 
ings should  therefore  give  the  average  illumination  in  the  room. 
Additional  stations  Nos.  9  and  10  were  placed  under  two  units 
as  shown  on  plan  (Fig.  i),  since  these  values  are  of  interest. 
Illumination  readings  were  taken  at  a  height  of  2.5  ft.  above  the 
floor.  Two  readings  were  taken  at  each  station,  and  if  these 
did  not  agree  closely  a  third  or  fourth  was  taken.  The  mean 
of  all  the  readings  taken  at  each  station  was  considered  the 
illumination  value  at  that  station.  Illumination  and  voltage  read- 
ing were  made  simultaneously. 
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Tests  were  conducted  under  the  following  conditions : — 
One  lamp  bare  in  center  of  room, 

Test  No.  I— Ceiling,  walls  and  floor  dark 

"  "  2 — Ceiling  light,  walls  and  floor  dark 

"  "  3 — Ceiling  and  walls  light,  floor  dark 

*'  "  4 — Ceiling,  walls  and  floor  light 

"  "  5 — Walls  light,  ceiling  and  floor  dark 

•'  "  6— Walls  and  floor  light,  ceiling  dark 

"  "  7 — Floor  light,  ceiling  and  walls  dark 

"  "  8 — Ceiling  and  floor  light,  walls  dark. 

Tests  Nos.  9  to  16,  with  the  same  conditions  as  tests  Nos.  i 
to  8,  except  that  a  bowl  reflector  was  placed  on  the  lamp. 

Tests  Nos.  17  to  24,  with  the  same  conditions  as  tests  Nos. 
I  to  8,  except  that  three  bare  lamps  were  used. 

Tests  Nos.  25  to  32,  with  the  same  conditions  as  tests  Nos. 
I  to  8,  except  that  bowl  reflectors  were  used  on  three  lamp.>>. 

COl«iRECTlONS. 

After  the  test,  the  illuminomcter  with  its  ammeter  was  calibrated 
at  the  Electrical  Testing  JLaljoratories.  A  standard  lamp  was 
used  for  this  and  calibration  readings  were  observed  by  Mr. 
Rolph,  who  made  all  the  readings  in  the  test.  The  correction 
factor  obtained  should  therefore  eliminate  the  personal  equation. 

The  voltmeter  was  also  calibrated  and  voltmeter  readings 
were  corrected  accordingly.  After  correcting  the  illumination 
readings  for  the  error  of  the  illuminomcter,  they  were  again 
corrected  in  the  three-lamp  tests  to  correspond  to  the  rated  volt- 
age of  the  lamps  producing  the  illumination.  These  corrections 
were  made  by  means  of  the  candle-power-voltage  characteristic 
of  the  tungsten  filament.  The  characteristic  was  obtained  from 
the  Engineering  department  of  the  National  Electric  Lamp  As- 
sociation. 

In  the  one-lamp  tests  the  readings  were  corrected  to  corre- 
spond to  the  voltage  at  which  each  of  the  lamps  gave  32  mean 
horizontal  candle-power.  This  was  done  for  the  following 
reason : — The  tests  for  the  horizontal  candle-power  of  the  lamps 
showed  that  the  clear  lamp  used  in  the  one-lamp  tests  gave  34.1 
mean  horizontal  candle-power  at  115  volts,  while  the  frosted 
tip  lamp  gave  30.4  mean  horizontal  candle-power  at  115  volts. 
From  the  data  which  the  authors  were  able  to  obtain,  compar- 
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ing-  the  mean  horizontal  candle-power  of  clear  and  frosted  tip 
lamps,  it  appears  that  the  ratio  varies  considerably,  with  some 
lamps  being  positive  and  with  others  being  negative.  The 
value  of  i.o  is,  therefore,  probably  very  nearly  correct.  The  clear 
lamp  used  in  the  test  showed  a  mean  horizontal  candle-power 
12  per  cent,  higher  than  the  frosted  tip  lamp.  This  value 
is  entirely  too  high  for  lamps  giving  the  same  mean  spherical 
candle-power  and  it  is,  therefore,  considered  fair  to  reduce  the 
values  to  the  equivalent  of  lamps  giving  the  same  mean  horizontal 
candle-power.  It  should  be  noted  that  this  does  not  effect  the 
comparative  values  where  the  same  lamp  is  used  but  only  those 
where  tests  with  the  bare  lamp  are  compared  with  tests  with  the 
lamp  and  reflector. 


CAND1.E-P0WER  Tests  of  Tungsten  Lamps  Operated 
AT  Rated  VoivTage  of  115. 

I,amps               .                    M.  H.  C.  P.  Watts 

Clear  No.   i 30.8  39.4 


Fr.  Tp." 


....  34.1 
....     31.9 

•••■  33-3 
....  30.4 
. ...     29.8 

Tests  Nos. 


38.9 
38.4 
39-8 
38.2 

38.4 
1-8  INC1.USIVE. 


Watts  per  C. 
1.28 

1. 14 
1.20 
1.20 
1.26 
1.29 


P. 


One  bare,  clear  40-watt,  115-volt  tungsten  lamp  on  ceiling. 

Conditions :  — 

Test  No.   I — Ceiling,  walls  and  floor  dark. 

"  "  2 — Ceiling  light,  walls  and  floor  dark. 

"  "  3— Ceiling  and  walls  light,  floor  dark. 

"  "  4 — Ceiling,  walls  and  floor  light. 

"  "  5 — Walls  light,  ceiling  and  floor  dark. 

"  "  6— Walls  and  floor  light,  ceiling  dark. 

"  "  7 — Floor  light,  ceiling  and  walls  dark. 

"  "  8 — Ceiling  and  floor  light,  walls  dark. 

Total  illumination  in  foot-candles  : 


station 

Test  No.  I 

Test  No.  2 

Test  No.  3 

Test  No.  4 

I 

.09 

.12 

•35 

.44 

2 

.  [Q 

.14 

.36 

.44 

3 

.14 

.22 

.43 

.56 

4 

.17 

.24 

•49 

.55 

5 

.22 

.37 

■59 

-78 

6 

.30 

•51 

.68 

.83 

7 

.26 

•50 

.72 

.90 

8 

.26 

•63 

.83 

.91 

9 

.17 

.25 

.48 

•59 

10 

.18 

.64 

.89 

1. 01 

Mean  (Stations 

1-8)  .19 

.34 

.56 

.68 

Maximum  variation 

from  mean   .... 

•     +  58/. 

+  88% 

+48% 

+  49% 

(Station  6) 

(Station  10) 

(Station  10) 

(Station  10) 
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Station 

Test  No.  5 

Test  No.  6 

Test  No.  7 

Test  No 

I 

.21 

.25 

.09 

•13 

2 

.23 

.25 

.11 

.17 

3 

.26 

.28 

.14 

.25 

4 

.29 

■30 

.18 

.28 

5 

.35 

.35 

.25 

.40 

6 

.35 

.40 

.32 

.52 

7 

.41 

.42 

.29 

.49 

8 

.42 

.45 

.28 

.65 

9 

.26 

.28 

17 

.30 

10 

.34 

.32 

.22 

.64 

Mean  (Stations 

1-8) 

•31 

.34 

.21 

•37 

Maximum  variation 

from  mfflii ..... 

36% 

32% 

—  57% 

76% 

M  X  \yjLxx   xxiwcix^  ..... 

... 

(Station  8) 

(Station  8) 

(Station  i) 

(Station 

Tests  Nos.  9-16  Inci^usive. 
One  40- watt,  115-volt,  frosted  tip  tungsten  lamp,  with  prismatic  reflector. 

Unit  close  to  ceiling. 
Conditions :  — 

Test  No.     9 — Ceiling,  walls  and  floor  dark. 

10 — Ceiling  light,  walls  and  floor  dark. 
II — Ceiling  and  walls  light,  floor  dark. 
12 — Ceiling,  walls  and  floor  light. 
13 — Walls  light,  ceiling  and  floor  dark. 
14 — Walls  and  floor  light,  ceiling  dark. 
15 — Floor  light,  ceiling  and  walls  dark. 
16 — Ceiling  and  floor  light,  walls  dark. 


Total  illiiniination  in  foot-candles 


station 

Test  No.  9 

Test  No.  10 

Test  No.  11 

Test  No.  12 

I 

.08 

•13 

.26 

.47 

2 

.09 

.14 

.27 

.47 

3 

.15 

.24 

.37 

.55 

4 

.25 

.36 

.47 

.63 

5 

.36 

.47 

.65 

•93 

6 

.58 

.74 

.87 

1.30 

7 

•53 

.70 

•94 

1.30 

8 

.87 

1.08 

1. 21 

1.57 

9 

.22 

.28 

.42 

.65 

10 

.82 

1.08 

1. 21 

1.62 

Mean  (Stations 

1-8) 

.36 

.48 

.63 

.90 

Maximum  variation 

from  mean 

142% 

125% 

92% 

80% 

(Station  8) 

(Station  8  and  10) 

(Station  8  and  10) 

(Station  10) 
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Station 

Test  No.  13 

Test  No.  14 

Test  No.  15 

Test  No.  16 

I 

.15 

.21 

.09 

.14 

2 

.16 

.22 

.10 

.16 

3 

.25 

.28 

.18 

•  25 

4 

.28 

•32 

•25 

.31 

5 

.44 

•47 

•38 

.48 

6 

.64 

.65 

.55 

.76 

7 

.65 

•  71 

.58 

.75 

8 

.89 

1.02 

.82 

1.07 

9 

.28 

.31 

.22 

.29 

10 

.83 

•93 

.77 

1.07 

Mean  (Stations 

1-8) 

•43 

•49 

•37 

•49 

Maximum 

variation 

from  TTipaii 

107% 

tation  8) 

108% 

(Station  8) 

122% 

(Station  8) 

118% 

(Station  8  and  10) 

X  X  V^AXA      XXl^dXX 

(S 

TKSTS   NOS.    17-24   INCI.USIVE. 

Three  clear,  bare  40-watt,  115-volt  tungsten  lamps  on  ceiling. 


Conditions 


Test  No.  17 — Ceiling,  walls  and  floor  dark. 

**  18 — Ceiling  light,  walls  and  floor  dark. 

*'  19 — Ceiling  and  walls  light,  floor  dark. 

"  20 — Ceiling,  walls  and  floor  light. 

"  21 — Walls  light,  ceiling  and  floor  dark. 

"  22 — Walls  and  floor  light,  ceiling  dark. 

"  23 — Floor  light,  ceiling  and  walls  dark. 

'*  24 — Ceiling  and  iloor  light,  walls  dark. 


Total  illumination  in  foot-candles 


station 

Test  No. 

17 

Test  No.  18 

Test  No.  19 

Test  No.  20 

I 

.37 

.68 

1.30 

1.70 

2 

.41 

•85 

1.47 

2.02 

3 

.40 

•77 

1.44 

1.82 

4 

.48 

1.07 

1.75 

2.05 

5 

•49 

•89 

1.56 

1-95 

6 

.62 

I-I5 

1^75 

2.13 

7 

•51 

.89 

1-55 

1.89 

8 

•54 

1. 19 

1.74 

2. II 

9 

•39 

.98 

1.62 

^.11 

10 

.44 

1. 14 

1-73 

2.05 

Mean  (Stations 

1-8) 

.48 

•94 

1-57 

1.96 

Maximum  variation 

from   m*»nti 

Of^^ 

(Station  i) 

-17% 

(Station  1) 

-13% 

(Station  i) 

X 1  v/iXX     Xxl^Clll  .    •    •    •      • 

•  •  •    -^  /'^ 
(Station 

6) 
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Station 

Test  No.  21               Test  No.  22 

Test  No.  23 

Test  No.  24 

I. 

.77 

.84 

•39 

.69 

2 

.82 

88 

•44 

.92 

3 

.81 

•93 

.45 

.86 

4 

.84 

92 

.50 

1. 17 

5 

.87 

•95 

•50 

•95 

6 

.96 

99 

.64 

1-25 

7 

.86 

91 

•52 

.92 

8 

.87 

•95 

.58 

1.20 

9 

.75 

8[ 

.41 

1.06 

lO 

.78 

84 

.46 

I-I5 

Mean  (Stations 

1-8) 

.85 

92 

■50 

•99 

Maximum 

variation 

frnm  niffln 

13% 

tation  6)             (Stal 

-9% 

lion  1) 

28  f^ 
(Station  6) 

26% 
(Station  6) 

IXWl^A      XAA^CXll 

(S 

Tests  Nos.  25  to  32  Inci^usive. 

Three  40-watt,  115-volt,  frosted  lip  tungsten  lamps  with  prismatic  reflect- 
ors.     Units   close   to   ceiling. 
Conditions  :  — 

Test  No.  25 — Ceiling,  walls  and  floor  dark. 

"  26— Ceiling  light,  walls  and  floor  dark. 

"  27 — Ceiling  and  walls  light,  floor  dark. 

"  28 — Ceiling,  walls  and  floor  light, 

"  29 — Walls  light,  ceiling  and  floor  dark. 

"  30 — Walls  and  floor  light,  ceiling  dark. 

"  31  —Floor  light,  ceiling  and  walls  dark. 

"  32 — Ceiling  and  floor  light,  walls  dark. 


Total  Illumination  in  foot-candles  : 

Station  Test  No.  25  Test  No.  26 

•53 


I 

2 

3 
4 
5 
6 

7 

8 

9 
10 


.89 

.72 

1. 14 

.72 
I-3I 

■11 
1.20 

1. 10 

1.05 


Mean  (Stations  1-8)   .91 
Maximum  variation 

from  mean 44  % 

(vStation  6) 


.70 
1. 14 

.92 
1. 51 

•99 
1.66 

•91 
1-56 
1.46 

1.43 
1. 17 

42% 

(Station  6) 


Test  No.  27 

i^33 
1.85 

I-5I 
2.02 
i.6r 
2,06 

1.58 
1.98 
2.00 

1.87 
1.74 

—26% 
(Station  i) 


Test  No.  28 
1.60 
2.32 
1.99 

2.51 
2.02 

2.81 
2.28 
2.60 
2.49 

2-53 
2.27 

-30% 

(Station  i) 
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Station 

Test  No.  29 

Test  No.  30 

Test  No.  31 

Test  No.  32 

1 

.82 

•92 

.54 

.81 

2 

1.22 

1.32 

.97 

1. 19 

3 

.98 

1.06 

.69 

•93 

4 

1.40 

1.44 

1. 16 

1.38 

5 

.99 

1.07 

.74 

•99 

6 

1.42 

1.46 

I.16 

1.62 

7 

•99 

1.09 

.77 

1.08 

8 

1-33 

1.47 

I. II 

1.60 

9 

1.36 

1.44 

1.09 

1. 51 

10 

1.42 

1.44 

.98 

1.45 

Mean  ( Stati 

ons  1-8) 

I-I5 

1.23 

.90 

1.20 

Maximum 

variations 

from  mean 

-29% 

—25% 

—40% 

35% 

(Station  i) 

(Station  i) 

(Station  i) 

(Station  6) 

CALCULATED   ILLUMINATION. 

These  values  are  calculated  from  the  photometric  curves  of 
the  light  sources  and  figured  for  a  height  of  7.5  feet  above  the 
plane  of  illumination  used  in  the  test.  For  the  one-lamp  test 
the  photometric  curves  were  obtained  with  the  lamp  at  32  mean 
horizontal  candle-power,  since  the  tests  were  corrected  to  this 
condition.  For  the  three-lamp  tests  the  photometric  curves 
were  obtained  at  115  volts,  which  is  the  conditions  to  which  the 
illuminometer  readings  were  corrected,  in  these  tests. 

After  the  mean  horizontal  candle-power  of  frosted  tip  lamp 
No.  3  had  been  obtained,  the  filan:ent  was  accidentally  broken. 
Lamp  No.  2  which  had  approximately  the  same  position  of  fila- 
ment was  therefore  tested  with  reflector  No.  3  at  the  candle- 
power  which  lamp  No.  3  gave.  This  change  should  not  intro- 
duce an  appreciable  error. 

Illuminations  in  foot-candles 


station 

Onel 

amp  bare 

One  lamp  with 
reflector 

Three  lamps 
bare 

Three  lamps 
with  reflectors 

I 

.088 

.094 

.32 

•56 

2 

.10 

.11 

.34 

.82 

3 

.13 

•19 

•38 

.75 

4 

.16 

.27 

•39 

1.02 

5 

.19 

.36 

•  44 

•79 

6 

7 

.22 
.21 

•58 
.56 

.50 
.46 

1.23 
.84 

8 

.20 

.72 

•  47 

I. II 

9 

10 
Mean  (Stations 

1-8) 

.16 
.14 
.16 

.25 
.61 

.36 

•33 
.40 
.41 

•98 
.83 
.89 

Maximum  variation 

from  mean  •  • 

.. .  - 

-45% 

100% 

—22% 

26% 

(Station  i) 

(Station  8) 

(Station  i) 

(vStation  6) 
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In  the  one-lamp  tests  an  attempt  was  made  to  ascertain  the 
direct  illumination  by  measurements  as  well  as  by  calculation. 
This  was  done  by  taking  a  second  set  of  readings  at  each  station 
with  the  illuminometer  disc  screened  from  the  direct  rays  of  the 
light  source.  These  readings  would  give  the  indirect  illumina- 
tion, and  subtracted  from  the  total  the  results  would  be  the 
direct  illumination.  It  was  found  that  the  results  obtained  at 
the  stations  farthest  from  the  light  source  agreed  closely  with 
the  calculated  illumination.  The  results  at  the  stations  near 
the  light  source  however  were  so  much  higher  than  the  calcu- 
lated illumination  that  all  of  the  readings  were  rejected  as  of  no 
value.  The  high  values  obtained  show  that  in  the  screening 
process  too  much  reflected  light  was  shut  off  with  the  direct 
light. 

Use  was  made  of  a  square  screen  about  four  inches  in  diameter 
held  at  from  three  to  four  feet  from  the  i'luminometer  disc.  The 
authors  did  not  have  time  to  carry  this  experiment  out  with 
greater  refinement.  It  is  evident  that  if  this  method  of  obtaining 
indirect  illnmination  is  used,  a  circular  screen  should  be  em- 
ployed and  great  care  taken  that  the  shadow  of  the  screen 
covers  the  illuminometer  disc  and  nothing  more.  Even  then  it 
is  doubtful  whether  reliable  results  can  be  obtained  when  the 
ceiling  is  light. 

ANALYSIS  OF  THK  VALUES  OF   INCREASE   IN   ILLUMINATION  UNDER 

VARIOUS    CONDITIONS. 

The  increase  over  the  direct  illumination  produced  by  reflec- 
tion from  dark  ceiling,  walls  and  floor,  cannot  be  analyzed  in 
detail  as  there  is  no  method  of  separating  that  due  to  walls  from 
that  due  to  ceiling,  etc.  The  increase  over  the  illumination 
with  dark  ceiling,  walls  and  floor  produced  by  making  these 
light  in  color  can  be  analyzed.  For  convenience  the  increase 
may  be  divided  into  7  parts  which  are  designated  here  as  N^jNg, 
etc. 

Let  Nj  =  Increase  due  to  ceiling  alone 
N2  =         "  "     "  walls 

N3=         "  "     "  floor 

N4  =  Additional  increase  due  to  interaction  of  ceiling  and  walls 
N5  =  "  "         "      "  "  "         "         "   floor 

Ng  =  "  "         "      "  "  "  walls  and  floor 

N7=  "  "         "      "  "  '•  ceiling,  walls  and   floor. 


I 
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All  percentage  values  of  N  represent  increase  in  illumination 
over  test  No.  i,  in  which  ceiling,  walls  and  floor  were  dark. 
Analyzed  for  one  lamp  bare,  the  following  results  are  obtained : 

Per  cent,  increase  over  test  No.  i  (ceiling,  walls  and  floor 
dark)   of  the  difference  between — 

Test  No.  2  (ceiling  light,  walls  and  floor  dark)and     ^^^\ 

Test  No.  I  (ceiling,  walls  and  floor  dark)  =  79  =  Nj 

Test  No.  3  (ceiling  and  walls  light,  floor  dark)  and 

Test  No.  5  (walls  light,  ceiling  and  floor  dark)  =132  =  N^+N^ 
Test  No.  8  (ceiling  and  floor  light,  walls  dark)  and 

Test  No.  7  (floor  light,  ceiling  and  walls  dark)  =  84  =  Ni-f-Nj 
Test  No.  4  (ceiling,  walls  and  floor  light)  and 

Test  No.  6  (walls  and  floor  light,  ceiling  dark)  ^==179  =  Ni+N^-fNj-l-N^ 
Test  No.  5  (walls  light,  ceiling  and  floor  dark)  and 

Test  No.  I  (ceiling,  walls  and  floor  dark)  =  63  =  Ng 

Test  No.  3  (ceiling  and  walls  light,  floor  dark)  and 

Test  No.  2  (ceiling  light,  walls  and  floor  dark)  =115  =  N2+N4 
Test  No.  6  (walls  and  floor  light,  ceiling  dark)  and 

Test  No.  7  (floor  light,  ceiling  and  walls  dark)  =  68  =  N^-fNg 
Test  No.  4  (ceiling,  walls  and  floor  light)  and 

Test  No.  8  (ceiling  and  floor  light,  walls  dark)  =163  =  Nj+N^+Ng+N^ 
Test  No.  7  (floor  Mght,  ceiling  and  walls  dark)  and 

Test  No.  I  (ceiling,  walls  and  floor  dark)  =  11  =  N3 

Test  No.  6  (walls  and  floor  light,  ceiling  dark)  and 

Test  No.  5  (walls  light,  ceiling  and  floor  dark)  =  16  =  Ng+Ng 
Test  No.  8  (ceiling  and  floor  light,  walls  dark)  and 

Test  No.  2  (ceiling  light,  walls  and  hoor  dark)  =  i6  =^  Ng-f  N5 
Test  No.  4  (ceiling,  walls  and  floor  light)  and 

Test  No.  3  (ceiling  and  walls  light,  floor  dark)  =  St,  =  Ng-f-Ng-f-Ne+N^ 

From  these  equations  the  values  of  N  are  foimd  to  be  as 
follows : — 

Ni  =  79  per  cent.  N4  =  53  per  cent. 

N2  =  63    "      "  N5  =.     5    "       " 

N3  =  II    "       "  Ne  =    5    "       ♦' 

N7  =  42  per  cent. 

The  sum  of  all  the  N  values  obtained  separately  is  258%, 
which  agrees  with  the  value  of  the  increase  of  test  No  4  over 
test  No.  I.  The  values  are  interdependent,  however.  For  each 
of  the  other  three  sets  of  eight  tests  the  seven  values  of  N  were 
obtained  in  the  same  way.     Tliese  values  are  shown  below. 
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Light  Source. 

I  bare  i  lamp  with  3  bare  3  lamps  with 

lamp  reflector  lamps  reflector 

per  cent.  per  cent.  per  cent.  per  cent. 

Ni 79  33  96  29 

Nj 63  19  77  26 

N3 II  5  4  —I 

N, 53  23  54  37 

N5 5  o  6  4 

Ne 5  12  II  10 

N- 42  58  60  45 

Total 258  150  308  150 

The  negative  value  of  N3  is  of  course  impossible  and  shows 

the  presence  of  a  slight  error.     Of  the  seven  parts  into  which 

the   increase   in   illumination  by   reflection   is   divided,    four   are 

seen  to  be  of  considerable  value  while  the  three  others  have 

little  effect.     The  four  which  are  important  are : — 

Ni  =  Increase  due  to  ceiling  alone. 

N2  =r  "  "     "    walls 

N4  =:  "         "     «'    interaction  of  ceiling  and  walls 

N-  =  "         "    "  "  "         "       ,  walls  and  floor 

The  floor  is  therefore  of  little  value  as  a  secondary  source  of 
light  except  in  the  one  case  where  the  ceiling  and  walls  are  also 
light  in  color. 

The  effect  of  the  interaction  of  ceiling  and  floor  (Ng)  is 
small  due  to  the  double  reflection  of  each  ray  causing  the  co- 
efficient or  reflection  (K)  tc  enter  in  as  the  second  power  or 
higher.  However,  although  K  enters  in  at  least  as  the  third 
pov/er  in  producing  the  interaction  of  ceiling,  walls  and  floor 
(N-),  the  fact  that  the  total  flux  of  the  light  source  aids  in  mak- 
ing up  this  value  causes  it  to  be  of  considerable  importance. 

As  would  be  expected,  the  ceiling  and  walls  have  a  much 
greater  effect  with  bare  lamps  than  with  reflectors.  The  walls 
have  a  greater  effect  with  three  lamps  than  with  one  lamp,  and 
this  is  true  of  the  ceiling  when  bare  lamps  are  used. 

Comparing  the  ceiling  and  walls,  it  is  seen  that  the  ceiling 
has  the  greater  reflecting  value.  The  increase  of  the  reflection 
from  the  ceiling  over  the  reflection  from  the  walls  is  from  12% 
to  25%,  except  in  the  case  where  one  lamp  is  used  with  a  reflec- 
tor. Here  the  ceiling  has  74%  more  effect  than  the  walls,  be- 
cause the  reflector  is  so  placed  that  a  large  part  of  the  total  flux 
is  thrown  directly  on  the  plane  of  illumination  and  does  not 
strike  the  walls.     This  arrangement  corresponds  closely  to  the 
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case  of  a  large  room  and  shows  the  importance  of  a  Hght  ceiling 
in  stores,  auditoriums,  etc. 

It  is  interesting  to  note  the  effect  in  the  case  which  would  be 
most  commonly  met  with  in  practice,  namely  three  lamps  with 
reflectors.  Light  ceiling  alone  increases  the  illumination  by  29% ; 
light  walls  alone  by  26%  ;  light  floor  alone  practically  0%  ;  light 
ceiling  and  walls  together  by  37%  plus  their  separate  effects, 
or  a  total  of  92%,  and  Hght  ceiling,  walls  and  floor  150%. 

ANAIvYSIS   OF  THE   EFFECT   OF   REFI.ECTION   ON   UNIFORMITY  OF 

IIvLUMINATlON. 

The  uniformity  of  illumination  may  be  affected  by  reflected 
light  in  three  ways : — 

I — An  illumination  of  the  same  value  at  all  points  may  be 
added  to  the  direct  illumination,  thus  increasing  the  uniformity. 

2 — The  higher  values  produced  by  direct  illumination  may  be 
increased  by  reflection  less  than  the  lower  values,  thereby  in- 
creasing the  uniformity. 

3 — The  higher  values  produced  by  direct  illumination  may  be 
increased  by  reflection  more  than  the  lower  values,  thereby  de- 
creasing the  uniformity. 

in  order  to  analyze  the  effect  in  detail,  the  values  of  N^,  No — 
N7  have  been  found  and  are  shown  below.  It  should  be  noted 
that  the  light  units  were  not  placed  in  any  test  with  the  idea 
of  obtaining  uniform  illumination. 

As  many  of  these  values  are  obtained  from  the  third  significant 
figure  in  the  illumination  reading,  their  accuracy  is  correspond- 
ingly reduced.     All  negative  values  are  of  course  impossible. 

Tests  Nos.  1-8. 
One  clear,  bare  40-watt  tungsten  lamp  on  ceiling. 

Foot-Candles  Foot-Candles  Increase 

Test  No.  I 


Station                            All  dark  Ni  No  N3  N4            N5  N^  Nj  2N 

I 09  .03  .12  .00  .II            .01  .04         .04  .35 

2 .10  .04  .13  ,01  .09           .02  .01         .04  .34 

3 .14  .08  .12  .00  .09            .03  ,02          .08  .42 

4 ,17  .07  .12  .or  .13         .03  .00       .02  .38 

5 .22  .15  .13  03  .09            .00  —.03          .19  .56 

6 .30  .21  .05  .02  .12      — .01  .03         .II  .53 

7 .26  .24  .15  .03  .07      — .04  — .02         .21  .64 

8 .26  .37  .16  .02  .04        .00  .01       .05  .65 

9 .17  .08  .09  .00  .14            .05  .02          .04  .42 

10 .18  .46  .16  .04  .09      —.04  —.06  .18  .83 

Mean  (Stations  1-8)   .19  .15  .12  .02  .10         .00  .01       .08  .48 
Maximum  variation 

from  mean lo^Jo  —58%    loofc  \o%  138% 

(Station  (Station  (Station  (Station  (Station 

No.  10)  No.  6)    No.  10)  No.  9)  No.  sit 
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it  has  been  previously  shown  that  the  floor  alone,  the  inter- 
action of  the  floor  and  wails  and  the  interaction  of  the  floor 
and  ceiling  have  only  a  slight  effect  on  the  intensity.  They, 
therefore,  do  not  greatly  affect  the  uniformity. 

The  ceiling  alone,  as  would  be  expected,  adds  an  illumination 
(Ni)  very  high  in  the  center  of  the  room  and  falling  off  to  a  very 
low  value  at  the  sides.  The  intensity  is  so  great  at  the  center 
that  even  though  the  illumination  at  this  point  is  below  the  aver- 
age when  the  ceiling  is  dark,  it  becomes  the  highest  point  and  the 
point  of  maximum  variation  when  the  ceiling  is  light.  The  varia- 
tion from  the  mean  becomes  88%  at  this  station,  while  it  was  58% 
before  at  the  point  of  maximum  variation,  which  was  station  No.  6. 
This  result  shows  that  the  reflecting  value  of  the  ceiling  is  great- 
est directly  under  the  light  source,  a  consideration  which  should 
receive  especial  attention  in  designing  the  lighting  system  for 
a  room  in  which  the  ceiling  is  light  in  the  center,  shading  out 
to  a  darker  color  at  the  sides.  If  the  room  is  lighted  by  a  cen- 
tral light  unit  the  calculated  illumination  should  be  made  con- 
siderably higher  at  the  sides,  if  uniform  illuminacion  is  desired. 

The  walls  add  a  fairly  uniform  illumination  (N2)  which  is 
highest  near  the  light  source.  The  walls  decrease  the  maximum 
variation  from  58%  to  36%. 

The  interaction  of  the  walls  and  the  ceiling  together  adds 
a  fairly  uniform   illumination    (N^).     The  great  variation  pro- 

Test  Nos.  9-16. 
One  40-watt  frosted  tip  tungsten  lamp  with  reflector,  place  close  to  ceiling. 

Foot-Candles  Foot-Candles  Increase 

Test  No.  9 


I .08  .05  .07  .01  ,06  .00  .05  .15 

2 .09  .05  .07  .01  .06  .01  .05  .13 

3 .15  .09  .10  .03  .03  — .02  .00  .17 

4   .25  .II  .03  .00  .08  —.05  ,04  .18 

5 .36  .II  .08  .02  .10  — .01  .01  .26 

6 .58  .16  .06  —.03  .07  .05  .04  .37 

7 -53  -17  -12  .05  .12  .00  .01  .30 

8 .87  .21  .02  — .05  .II  .04  .18  .19 

9 .22  .06  .06  .00  .08  .01  .03  .19 

10 .82  ,26  .01  — .05  .12  .04  .15  ,27 

Mean( Stations  1-8)  .36  .12  .07  .005  .08  .00  .05  .22 
Maximum  variation 

from  mean 11 7  %  —86  %  —63  %  385  %  68  % 

(Station  10)  (vStation  10)  (Stations)         (Station  8)  (Station  7) 
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duced  by  the  ceiling  alone  is  more  than  cancelled  by  the  in- 
creased uniformity  produced  by  the  walls  (N2)  and  the  interac- 
tion of  the  walls  and  ceiling  (N4).  With  walls  and  ceiling  light, 
the  maximum  variation  is  48%  as  compared  with  58%  when  all 
are  dark,  and  88%  v/hen  the  ceiling  alone  is  light. 

As  in  the  previous  case  the  floor  does  not  greatly  affect  the  in- 
tensity and  consequently  the  uniformity.  The  general  effect 
ii^  to  increase  the  uniformity  by  adding  a  fairly  even  illumination. 
The  ceiling  again  adds  a  non-uniform  illumination  (N^)  high 
in  the  center  and  low  at  the  sides.  This  serves  to  increase 
the  uniformity  slightly,  however.  The  walls  add  an  illumina- 
tion (N2)  high  at  the  sides  and  low  near  the  center  thereby  in- 
creasing the  uniformity. 

The  additional  effect  on  the  uniformity  caused  by  the  inter- 
action of  the  walls  and  ceiling  is  not  great;  but  since  the  walls 
ciud  ceiling  each  alone  increases  the  uniformity,  they  effect  quite  a 
considerable  increase  when  used  together.  The  maximum  varia- 
tion from  the  mean  is  reduced  from  142%  to  92%.  When 
the  effect  of  the  floor  is  added  to  this,  the  maximum  variation 
is  reduced  to  80%. 

Tests  Nos.  17-24. 
Three  clear,  bare  40-watt  tungsten  lamps  on  ceiling. 


Station 
I 


Foot-Candles 
Test  No.  17     r- 
All  dark      Ni 


Foot-Candles  Increase 


10 


.37 
.41 
.40 
.48 

•49 
.62 

•51 
.54 
.39 
.44 


31 
44 
37 

59 
40 

53 
38 
65 
58 
70 
46 


No 
.40 
.41 
.41 
.36 
.38 

•34 
•35 
•33 
•36 
.34 
•37 


N3 
.02 

.03 
,02 
.02 
.01 
.02 
.01 
.04 
.02 
.02 
.02 


N4 
.22 
.21 
.26 

•32 
.29 
.26 

.31 
.22 
.29 

•25 
.26 


Mean  (Stations  r-8)  .48 
Maximum  variation 

from  mean .52%     —11%    100%     23^ 

(Station     (Station  (Station  (Station 

10)  8)  8)  4) 


N5 

—.01 
.04 
.07 
.08 

•05 

.08 
.02 

-•03 
.07 

—.01 
.04 


No 
•05 
•03 
.10 
.06 
.07 
.01 
04 
.04 
.04 
.04 
•05 


.34 

•45 
•19 
.14 
.26 

•  27 

•  27 
•32 
•36 

•  27 
.28 


2N 

1.33 
1. 61 
1.42 

1^57 
1.46 

1. 51 
1.38 

1^57 
1.72 
1. 61 
1.48 


100%    61% 
(Station  (Station 

3)  2) 


As  in  the  one-lamp  tests,  the  floor  has  very  little  effect.  The 
ceiling  adds  an  illumination  high  in  the  center  and  low  at  the 
sides.     The    uniformity    is    slightly    improved.     The    walls    add 
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an  illumination  practically  uniform,  the  maximum  variation  in 
the  added  illumination  being  only  11%.  The  high  points  are 
near  the  walls. 

The  combined  effect  of  the  ceiling  and  walls  is  to  add  an 
illumination  nearly  uniform  and  thereby  decrease  the  maximum 
variation  from  29%  to  17%.  The  combined  effect  of  the  ceil- 
ing and  floor  is  to  raise  the  low  points  in  the  illumination  added 
by  the  ceiling  alone.  This  has  a  very  good  effect  on  the  uniform- 
ity by  reducing  the  maximum  variation  from  29%  to  9%. 

Tests  Nos.  25-32. 
Three  40-watt,  frosted  tip  tungsten  lamps  with  reflectors  ;  units  placed 

close  to  ceiling. 


Station 
I  . . . . 


Foot-Candles 

Test  No.  25 

All  dark 


Foot-Candles  Increase 


2 

3 
4 
5 
6 

7 
8 

9 
10 


.53 
.89 
.72 
1. 14 
.72 

1-31 

.77 

1.20 

1. 10 
1.05 


Mean  (Stations  1-8)  .91 
Maximum  variation 
from  mean 


Ni 
.17 
.25 
.20 

.37 

.27 

.35 
.14 
.36 
.36 
-38 
.26 


N2 
.29 

•33 
.26 

.26 
.27 
.11 
.22 

•13 
.26 

•37 
.23 


N3 
.01 
.08 

—•03 
.02 
.02 

—  15 
.00 

—.09 
— .01 
—.07 


N4 
34 
38 
33 
25 
35 
29 

45 
29 
28 
07 
33 


N5 
.10 

—.03 
— .01 

—.15 
— .02 
.11 
•  17 
•13 
.06 
.09 
.04 


.09 
.02 
.II 
.02 
.06 
.19 
.10 

•23 
.09 
.09 
.10 


.40 

.41 

.60 

.35 

.60 

•43 

•35 

•35 

•  55 

.40 

2N 
07 

43 
27 
37 
30 
50 

51 
40 

39 
48 
36 


46%       61  fc  —S5fc 

(Station    (Station  (Station 

7  and  10)        10)  10) 


130%    —93% 
(Station  (Station 

8)  I) 


The  floor  has  little  effect,  though  the  tendency  is  to  increase 
the  uniformity.  The  ceiling  adds  an  illumination  higher  near 
the  center  than  at  the  sides.  The  effect  is  to  make  the  total 
illumination  slightly  more  uniform.  The  walls  add  an  illumi- 
nation higher  at  the  sides  than  at  nearby  points,  but  highest 
directly  in  the  center.  The  reflection  from  the  walls  reduces 
the   maximum   variation   from   44%    to   29%. 

The  interaction  of  the  walls  and  ceiling  adds  an  illumination 
high  at  the  sides  and  low  near  the  center,  thereby  increasing 
the  uniformity.  This  combination  and  the  combination  of  walls 
and  floor  have  about  the  same  effect,  reducing  the  maximum 
variation  from  44%  to  26%  and  25%  respectively.  These 
two  combinations  do  more  toward  securing  uniform  illumina- 
tion than  any  other  in  these  eight  tests. 
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DETERMINATION    OE    THE    ANGLE    BELOW    WHICH    LUMENS    GENER- 
ATED  ARE    LUMENS    EFEECTIVE. 

In  his  presidential  address  before  llie  Illuminating  Engineer- 
ing Society  Convention  in  1907,  Dr.  Clayton  H.  Sharp  defined 
the  lumen  as  the  unit  of  ilux  or  quantity  of  light,  and  sug- 
gested a  method  of  employing  this  unit  in  illumination  calcula- 
tions. This  method  has  been  used  more  or  less  by  engineers 
during  the  past  year,  but  for  the  benefit  of  those  not  familiar 
with  flux  calculations,  a  brief  review  of  the  method  is  given 
below. 

The  connection  between  lumens  and  foot-candles  can  be  shown 
very  simply.  A  foot-candle  is  defined  as  the  intensity  of  illumi- 
nation due  to  unit  source  of  light  placed  one  foot  distant  from 
the  plane  on  which  the  light  falls.  A  lumen  is  defined  as  the 
flux  of  light  due  to  unit  source  of  light  emitted  through  unit 
solid  angle.  Since  there  are  4  7r  solid  angles  in  a  sphere 
and  also  477  square  feet  of  superficial  area  in  a  sphere 
I  ft.  in  radius  there  is  one  lumen  per  square  foot  and  there- 
fore one  lumen  will  give  one  foot-candle  intensity  over  an  area 
of  one  square  foot  on  a  surface  one  foot  away  trom  the  unit 
source  of  light.  It  immediately  follows  that  if  the  total  flux  of 
light  in  lumens  is  divided  by  the  square  feet  on  which  the  lumens 
fall,  the  average  foot-candle  intensity  is  obtained.  Knowing  the 
area  of  a  room  it  becomes  only  necessary  to  find  the  effective 
flux  of  light,  when  the  aveiage  foot-candle  intensity  can  be 
determined  quickly.  The  effective  flux  will  depend  upon  the 
shape  of  the  photometric  curve  and  the  amount  of  light  re- 
flected from  the  ceiling  and  the  walls. 

The  most  convenient  way  of  applying  the  flux  method  of 
calculation  is  to  determine  from  the  photometric  curve  the  mean 
candle-power  up  to  the  angle  below  which  the  lumens  generated 
are  effective.  This  mean  value  of  candle-power  is  then  multi- 
plied by  a  constant  which  is  the  number  of  solid  angles  below 
the  angle  selected,  and  the  product  is  the  effective  lumens. 

For  example,  suppose  that  using  the  equipment  giving  the 
polar  candle-power  curve  shown  in  Fig.  3,  it  is  decided  that 
the  lumens  below  75  degrees  are  effective  under  certain  condi- 
tions, of,  say,  light  ceiling  and  walls  in  a  room  15  it.x20  ft.  The 
mean  candle-power  up  to  75  degrees  is  34.2 ;  the  member  of  solid 
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angles  up  to  75  degrees  is  4.65.  Therefore  the  effective  lumens 
are  34.2X4-65  or  159.0.  Dividing  this  figure  by  the  area,  300 
square  feet,  the  average  intensity  is  obtained  as  .53  foot-candles. 

Due  to  the  variety  of  conditions  encountered  In  illumination 
problems,  it  is  frequently  a  difficult  matter  to  determine  the  effec- 
tive angle.  For  this  reason  calculations  have  been  made  for 
showing  the  effective  angle  imder  each  of  the  conditions  under 
which  the  illumination  tests  were  made.  These  calculations 
will  prove  of  convenience  for  reference  by  those  using  the 
flux  method  of  calculation. 

In  determining  the  angle  the  following  method  was  used. 
For  each  of  the  one-lamp  test  units  a  curve  was  plotted  showing 
at  each  angle  up  to  90  degrees  the  lumens  generated  below  that 
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Figs.  2  aud  3.— Distribution  of  L,ight  About  a  32-c.p.  Tungsten  I,amp, 
Clear,  Bare  and  Frosted  Tip  with  Reflector. 

angle.     From  this  curve  the  angles  for  lumens  effective  under 
various  conditions  were  obtained.     The  curve  is  shown  in  Fig. 

4- 

For  the  three-lamp  tests  the  photometric  curve  used  was  one 
lor  which  each  candle-power  value  was  the  sum  of  the  corre- 
sponding values  of  the  three  curves  of  the  units  used  in  the 
test. 

In  the  Electrical  World,  July  nth,  1908,  J.  R.  Cravath  and 
V.  R.  Lansingh  proposed  the  following  formula  for  determining 
the  total  watts  necessary  for  the  illumination  of  a  room  with 
a  certain  desired  foot-candle  intensity : 

Total  watts=area  of  room X  foot-candles  X  watts  per  lumen. 
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The  quantity,  watts  per  lumen,  is  the  number  of  watts  nec- 
essary to  produce  i  foot-candle  over  an  area  of  i  square  foot. 
In  the  article  mentioned  a  number  of  determinations  of  watts 
per  lumen  from  actual  illumination  tests  under  various  condi- 
tions were  given.  This  formula  will  be  of  considerable  value 
when  a  sufficient  number  of  such  determinations  have  been  pub- 
lished.    The  authors  have,  therefore,  determined  the  value  of 
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Fig.  4.— Curves  Showing  Effective  Lumens  v^^ith  40-watt  Tungsten  lamp 
with  and  without  Reflector. 

watts  per  lumen  under  each  of  the  conditions  of  these  reflection 
tests.  The  rated  wattage  of  the  lamps  was  used,  the  values 
found  being  shown  in  the  table  below. 


Test 
No. 


9 
10 
II 
12 

13 
14 
15 
16 


Conditions 

One  bare  lamp 

Calculated  illumination 

Ceiling,  walls  and  floor  dark 

Ceiling  light,  walls  and  floor  dark 
Ceiling  and  walls  light,  floor  dark- 
Ceiling,  walls  and  floor  light ...  • 
Walls  light,  ceiling  and  floor  dark 
Walls  and  floor  light,  ceiling  dark 
Floor  light,  ceiling  and  walls  dark 
Ceiling  and  floor  light,  walls  dark 

One  lamp  ivith  reflector 

Calculated  illumination 

Ceiling,  walls  and  floor  dark 

Ceiling  light,  walls  and  floor  dark 
Ceiling  and  walls  light,  floor  dark 

Ceiling,  walls  and  floor  light 

Walls  light,  ceiling  and  floor  dark 
Walls  and  floor  light,  ceiling  dark 
Floor  light,  ceiling  and  walls  dark 
Ceiling  and  floor  light,  walls  dark 


Effec- 
Mean  Lumens     tive      Watts 
foot       Effec-    angle-     per 
candles     tive    degrees  lumen 

.16 

44 

50 

.91 

•^9 

52 

53 

77 

.34 

94 

69 

43 

.56 

154 

86 

26 

.68 

187  ( 

Qver  90) 

21 

•31 

85 

66 

47 

•34 

94 

69 

•43 

.21 

58 

56 

.69 

•37 

102 

71 

39 

•36 

99 

50 

40 

•36 

99 

50 

.40 

.48 

132 

63 

•30 

.63 

173 

82 

.23 

.90 

248  ( 

over  90) 

.16 

.43 

118 

58 

•34 

•49 

135 

64 

.30 

•37 

102 

51 

.40 

•49 

135 

64 

30 
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Effec- 
Mean  Lumens    tive      Watts 
Test  foot      Effec-   angle-      per 

No.  Conditions  candles      tive    degrees  lumen 

Three  lamps  bare 

Calculated  illumination   .41  113  47  1,06 

17  Ceiling,  walls  and  floor  dark .48  132  50  .91 

18  Ceiling  light,  walls  and  floor  dark 94  258  66  .47 

19  Ceiling  and  walls  light,  floor  dark 1.57  432  83  .28 

20  Ceiling,  walls  and  floor  light 1.96  540  (over  90)  .22 

21  Walls  light,  ceiling  and  floor  dark .85  234  63  .51 

22  Walls  and  floor  light,  ceiling  dark .92  253  65  .47 

23  Floor  light,  ceiling  and  walls  dark .50  137  50  .88 

24  Ceiling  and  floor  light,  walls  dark .99  272  67  .44 

Three  lamps  with  reflectors 

Calculated  illumination .89  245  45  .49 

25  Ceiling,  walls  and  floor  dark .91  250  46  .48 

26  Ceiling  light,  walls  and  floor  dark 1.17  322  56  .37 

27  Ceiling  and  walls  light,  floor  dark 1.74  479  80  .25 

28  Ceiling,  walls  and  floor  light 2.27  625  (over  90)  .19 

29  Walls  light,  ceiling  and  floor  dark 1.15  316         55  .38 

30  Walls  and  floor  light,  ceiling  dark 1.23  338  57  .36 

31  Floor  light,  ceiling  and  walls  dark .90  248  46  .48 

32  Ceiling  and  floor  light,  walls  dark 1.20  330  56  .36 

In  the  above  table,  an  interesting  point  is  the  fact  that  when 
reflectors  are  used,  the  mean  foot-candles  and  consequently 
the  watts  per  lumen  are  almost  exactly  the  same  in  the  calcu- 
lated illumination  and  under  the  conditions  of  dark  ceiling, 
walls  and  floor.  When  no  reflectors  are  used,  these  values  differ 
considerably. 

It  was  shown  above  that  the  floor  has  little  value  as  a  reflec- 
tor ;  therefore  the  figures  in  which  the  floor  is  involved  will 
not  often  be  used.  Comparing  the  values  with  one  lamp  and 
reflector  with  those  with  three  lamps  and  reflectors,  the  effective 
angle  with  light  ceiling  and  dark  walls  and  floor  is  63  degrees  in 
the  first  case  and  56  degrees  in  the  second  case.  The  average 
angle  of  60  degrees  may  therefore  be  considered  as  good  for 
the  assumed  conditions  with  small  rooms.  The  condition  of 
light  ceiling  and  walls  and  dark  floor  may  be  considered  as  cor- 
respondingly more  or  less  closely  to  a  large  room,  since  the 
reflection  from  the  walls  would  be  approximately  equal  to  the 
light  furnished  from  distant  light  sources.  The  angle  of  80 
degrees  as  shown  in  the  table,  may  therefore  be  used  for  both 
large  and  small  rooms.     It  is  interesting  to  note  that  Cravath 


DISCUSSION  603 

and  Lansingh  selected  from  tests  in  large  rooms  the  angle  75 
degrees  for  these  conditions. 

The  effective  angle,  when  reflectors  are  used,  is  from  45  to  50 
degrees  with  small  rooms.  This  figure  would  be  increased  for 
large  rooms,  owing  to  the  effect  of  distant  lamps. 

The  value  of  watts  per  lumen  with  tungsten  lamps  when  the 
ceiling  alone  is  light  and  reflectors  are  used  may  be  considered 
approximately  .35  for  small  rooms.  When  the  ceiling  and  walls 
are  both  light,  the  table  shows  .25.  This  is  exactly  the  figure 
which  Cravath  and  Lansingh  determined  for  large  rooms  with 
light  ceiling  and  dark  walls,  using  prismatic  reflectors  and  tung- 
sten lamps. 

^  H<  *  5^  *  * 

So  far  as  the  authors  are  aware,  these  are  the  first  experiments 
of  this  nature  to  be  published.  For  that  reason,  they  may  excite 
some  criticism  as  to  the  method  of  carrying  them  out  and  the 
results  deduced.  It  is  hoped,  however,  that  they  will  at  least 
form  the  basis  of  further  experiments  of  a  similar  nature. 

The  authors  desire  to  express  their  appreciation  of  the  valua- 
ble assistance  rendered  by  Messrs.  W.  J.  Cady,  A.  J.  Marshall, 
E.  B.  Rowe,  C.  W.  Heck  and  H.  M.  Lauritzen,  during  the 
tests  and  in  the  preparation  of  the  paper. 


DISCUSSION. 

Dr.  A.  S.  McAllister : — The  paper  contains  one  surprising  re- 
sult, namely,  that  the  illumination  of  a  room  having  light-colored 
walls  and  ceiling  is  better  when  a  lamp  is  used  without  a  reflector 
than  when  equipped  with  a  reflector.  Test  No.  3  shows  that 
when  no  reflector  is  used  the  minimum  illumination  is  0.35  foot- 
candle  and  the  variation  is  48  per  cent.  Test  No  11  indicates 
that  when  a  reflector  is  placed  on  the  lamp  the  minimum  illumin- 
ation is  reduced  to  0.26  foot-candle,  and  the  variation  is  increased 
to  92  per  cent.  Since  for  many  purposes  the  proper  criterion 
is  the  highest  minimum  with  the  least  variation  of  illumination, 
it  would  seem  that  the  use  of  a  reflector  is  disadvantageous. 
However,  there  are  conditions  under  which  this  conclusion  would 
not  be  applicable,  such  as  in  the  lighting  of  offices,  libraries  or 
dinmg  rooms  where  non-uniformity  of  illumination  is  desirable. 

Mr.  P.  S.   Millar:— Oiw^n  a  point  source  radiating  equally  in 
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all  directions  ;  given  further  a  location  for  that  source  in  the 
center  of  a  sphere  having  a  uniform  coefficient  of  reflection 
throughout  the  entire  interior  surface  : — then 

I 


e  =  1 


K' 


e  being  the  cumulative  illumination  and  K  being  the  coefficient 
of  reflection  of  the  sphere  surface. 

Certain  illuminating  engineers  and  writers  on  the  subject  have 
endeavored  to  apply  this  formula  to  a  compution  of  the  effect  of 
reflected  light  from  ceilings  and  walls  in  increasing  the  intensity 
of  illumination  on  a  given  plane  in  a  room.  This  cannot  be 
done,  however,  for  with  a  variation  from  a  uniformly  radiating 
source,  from  a  perfect  sphere,  and  from  a  uniform  coefficient  of 
reflection,  the  formula  no  longer  applies.  In  1906,  the  speaker 
showed  that  K  varies  largely  with  the  location  of  the  lamps  in 
the  room.  All  of  these  variables  have  come  to  be  recognized, 
and  we  have  reached  the  point  where  we  know  that  the  formula 
is  useless  for  practical  purposes  in  illuminating  engineering. 

This  paper  represents  the  first  step  in  the  collection  of  suitable 
data  bearing  on  the  important  subject  of  ceiling  and  wall  reflec- 
tion. Experimental  research  of  the  character  which  the  authors 
have  undertaken  is  what  this  society  needs.  It  will  go  far  toward 
putting  illuminating  engineering  on  a  sure  foundation  and  a 
permanent  basis.  It  seems  to  me  that  the  society  is  indebted  to 
the  authors  for  pioneer  work  along  this  line  and  that  it  is  to  be 
hoped  that  they  will  continue  their  research  in  the  near  future. 

Mr.  V.  R.  Lansingh: — The  room  in  which  these  tests  were 
made  was  comparatively  small,  about  24  feet  long  by  15  feet 
wide.  It  is  interesting  to  note  the  effect  of  the  low  walls  and 
ceilings  in  such  a  small  room,  as  compared  with  the  effect  of  dis- 
tant lamps  in  a  large  room  such  as  a  department  store.  In  the 
actual  test  made  here,  it  was  found  that  the  angle  below  which 
the  lumens  generated  are  lumens  effective  is  between  75  and  80 
degrees  with  light  walls.  In  the  case  of  department  stores  and 
similar  installations,  where  there  is  the  effect  of  distant  lamps  the 
tests  given  in  the  paper  by  Mr.  Cravath  and  myself  show  also 
the  angle  of  75  degrees.  In  other  words,  these  tests  show  that 
the  effect  of  light  walls  in  small  rooms,  is  about  equivalent  to 
distant  lamps  in  large  rooms. 
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Mr.  Alfred  A.  Wohlauer: — I  agree  with  Mr.  Millar  as  to  the 
importance  of  this  paper,  and  I  also  appreciate  its  value  ;  at  the 
same  time  I  wish  to  acknowledge  that  Mr.  Millar  has  given  in- 
formation concerning  the  utilization  of  the  theory  of  the  integrat- 
ing sphere  for  the  pre-calculation  of  the  illumination  due  to  the 
reflection  from  walls  and  ceiling. 

Mr.  T.  W.  Ro/ph:—As  to  the  point  Dr.  McAllister  brought 
up,  it  should  be  noted  that  in  these  tests  neither  with  the  bare 
lamps  nor  with  the  reflectors  was  there  any  attempt  to  place  units 
so  as  to  obtain  uniform  illumination  ;  therefore,  the  tests  do  not 
show  the  effect  of  reflectors  upon  the  uniformity  of  illumination, 
but  only  the  effect  of  reflection  from  the  walls,    ceiling  and  floor. 
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At  a  meeting  of  the  Council  of  the  Society  held  on  Friday, 
November  13,  the  Treasurer  submitted  a  report  showing  a  bal- 
ance at  the  end  of  October  of  $3284.44,  and  stated  that  he  had 
recently  received  a  report  from  the  Treasurer  of  the 
Convention  Committee,  giving  an  account  of  the  receipts  and 
disbursements  at  the  Philadelphia  Convention  and  forwarding 
therewith  the  unexpended  balance  of  $245.33.  The  report  was 
approved  and  motion  was  unanimously  passed  to  extend  a  vote 
of  thanks  to  the  Convention  Committee  for  their  very  successful 
carrying-out  of  the  recent  Convention.  Unpaid  bills  amounting 
to  $729.40  were  reported  by  the  Finance  Committee  and  were 
approved  by  the  Council  for  payment. 

The  Chairman  of  the  Committee  on  Certificates  of  Membership 
stated  that  the  certificates  had  been  printed  and  that  a  seal  for  the 
Society  had  been  secured.  The  report  of  the  committee  was 
approved. 

A  petition  to  amend  the  Constitution,  duly  signed  by  more  than 
twenty-five  members,  was  presented  for  the  consideration  of  the 
Council.  The  proposal  was  unanimously  approved,  and  the 
Secretary  was  authorized  to  send  out  a  letter-ballot  on  its  adop- 
tion. 

The  Secretary  reported  the  names  of  four  members  who  were 
elected  to  membership  over  two  months  ago,  and  who  have  failed 
to  reply  to  three  notices  of  dues  payable  which  were  addressed 
to  them.  By  action  of  the  Council,  these  memberships  were  can- 
celled. 

The  names  of  eighteen  applicants  for  membership  were  pre- 
sented, having  been  approved  by  the  respective  examining  boards. 
It  was  unanimously  moved  and  carried  that  these  applicants  be 
elected. 
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Members  Elected  November  13,  1908. 

Bai^Iv,  F.  L.,  Appliance  Manager,  Maiden  Electric  Company,  Maiden, 
Mass. 

Benson,  Fred  T.,  Manager,  Lamp  Department,  General  Electric  Com- 
pany, Chicago,  111. 

CartwrighT,  J.  W,,  Treasurer,  Bangor  Street  Railway  and  Electric  Com- 
pany, Bangor,  Maine. 

Foster,  John  W. ,  Holophane  Company,  227  Fulton  St.,  New  York. 

Frarin,  W.  A.,  Salesman,  121  North  13th  St.,  Philadelphia,  Pa. 

Grotz,  R.  B.,  Holophane  Company,  227  Fulton  St.,  New  York. 

Horning,  George  R.,  Superintendent,  Northern  Liberties  Gas  Company, 
50  Laurel  St. ,  Philadelphia,  Pa. 

MacDonai^d,  Norman  D.,  Electrical  Testing  Laboratories,  8oth  St.  and 
East  End  Avenue,  New  York. 

Pierce,  R.  F.,  Manager,  Minerallac  Company,  839  Monadnock  Building, 
Chicago,  111. 

PiyACE,  G.  G.,  Chicago  Representative  of  "Illuminating  Engineer,"  430 
West  Adams  St.,  Chicago,  111. 

Roberts,  O.  M.,  Electrical  Contractor  and  Engineer,  Athens  Engineer- 
ing Company,  Athens,  Ga. 

Rowi^AND,  Arthur  J.,  Professor  of  Electrical  Engineering,  Drexel  Insti- 
tute, 32nd  and  Chestnut  Sts.,  Philadelphia,  Pa. 

Saw^in,  George  A.,  Public  Service  Corporation  of  New  Jersey,  Newark, 
N.J. 

ScHWERiN,  B.  G.,  Commercial  Engineer,  424  Walnut  St.,  Philadelphia,  Pa. 

ScRiBNER,  Edward  E.,  Manager,  Metal  Reflector  Dept.,  Holophane 
Company,  227  Fulton  St.,  New  York. 

Spencer,  Arthur  R.,  Photometrist,  Bryn  Mawr,  Pa. 

Teegarden,  L.  W.,  Tungsten  Lamp  Dept.,  General  Electric  Company, 
Park  Building,  Pittsburg,  Pa. 

Yost,  Victor  A.,  Electrical  Contractor,  Ossining,  N.  Y, 

CHICAGO  SECTION. 

A  meeting  of  the  Section  was  held  on  November  12,  22  mem- 
bers being  present.  The  meeting  was  devoted  to  discussions 
of  the  following  three  Convention  papers  which  were  abstracted 
by  Mr.  A.  Scheible  and  Mr.  J.  R.   Cravath: 

''The  Intensity  of  Natural  Illumination  Throughout  the 
Day,"  by  Mr.  Leonard  J.  Lewinson;  ''Some  Experiments  on 
Reflections  from  Ceilings,  Walls  and  Floors,"  by  Messrs.  V.  R. 
Lansingh  and  T.  W.  Rolph ;  and  "The  Calculation  of  Illumina- 
tion by  the  Flux-of-Light  Method,"  by  Messrs.  J.  R.  Cravath 
and  V.  R.  Lansiingh. 
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NEW    YORK    SECTION. 

The  regular  monthly  meeting  of  the  Section  was  held  at  the 
Carnegie  Library,  St.  Gabriels  Branch,  East  Thirty-Second  Street, 
on  Thursday  evening,  November  12.  Mr.  L.  B.  Marks  outlined 
some  of  the  requirements  in  library  lighting  and  some  considera- 
tions which  he  had  in  mind  in  designing  the  lighting  of  the 
library.  Those  in  attendance  then  visited  the  various  rooms  of 
the  library,  examining  the  lighting  arrangements  and  the  effects 
produced.  Later  there  was  an  informal  discussion  of  the  light- 
ing of  the  library,  which  discussion  was  participated  in  by  a 
number  of  the  members  of  the  Society.  Representatives  of  the 
library  staff  were  present  in  considerable  numbers.  About  thirty- 
five  members  of  the  Society  were  present. 

PHII^ADELPHIA  SECTION. 

At  a  meeting  of  the  Section  held  on  November  20,  the  follow- 
ing papers  were  read  and  discussed : 

"Lighting  in  the  Roger  Williams  Building,  Seventeenth  and 
Chestnut  Streets,"  by  Arthur  J.  Rowland,  Professor  of  Electri- 
cal Engineering,  Drexel  Institute ;  "Lighting  in  the  Office  Build- 
ing of  the  Philadelphia  Electric  Company,  1000  Chestnut 
Street,"  by  Mr.  P.  H.  Bartlett,  Supt.  Installation. 

The  members  were  afforded  an  opportunity  to  view  the  lighting 
equipments  described. 


STRUCTURAL  DIFFICULTIES  IN  INSTALLATION 

WORK.^ 


BY  JAMES  R.   STRONG. 


The  subject  assigned  me  is  one  seldom  discussed;  not  because 
there  are  no  structural  difficulties  in  the  installation  of  electri- 
cal wires  for  illuminating  purposes,  but  because  such  difficulties 
do  not  usually  arise  for  a  considerable  period  after  the  installa- 
tion has  been  put  in  use  and  these  difficulties  are  then  taken  as  a 
necessary  accompaniment  of  the  rigid  type  of  present  day  equip- 
ments. 

It  may  not  be  a  generally  accepted  fact  but  it  is  nevertheless 
true,  that  the  best  electrical  installation,  from  the  point  of  view 
of  the  first-class  contractor  who  intends  to  remain  in  business,  is 
that  installation  which  requires  the  least  amount  of  changing  and 
alteration  after  completion.  Such  an  installation  demands  as  a 
prerequisite  a  full  knowledge  as  to  exactly  what  is  wanted  as  well 
as  a  complete  scheme  that  will  give  the  maximum  desired  results 
with  a  minimum  maintaining  charge. 

In  commercial  buildings  the  interest  on  the  installing  cost  is. 
of  course,  a  factor  to  be  considered ;  but  this  factor  becomes  very 
small  in  structures  not  strictly  used  for  money  making  purposes 
— as  for  example  private  residences. 

Modern  electric  lighting  installations  in  the  better  class  of 
buildings  are  of  some  form  of  concealed  conduit  work,  with  iron 
or  steel  outlet  boxes  at  the  fixture  locations.  Therefore,  the 
electrical  equipment  is  as  much  a  part  of  the  structure  of  the 
building  as  is  the  plumbing  or  heating  equipment,  and  any  ad- 
ditions or  alterations  in  the  conduit  work  after  the  completion  oi 
the  building  must  to  some  degree  cause  weakness  in  walls,  floors 
or  plaster  ;to  avoid  changes  in  such  electrical  installations  it  is 
obviously  necessary  so  to  locate  the  outlets  at  the  beginning  of 
the  work  that  all  desired  results  may  be  obtained  by  the  use  of 
economical,  artistic  and  harmonious  lighting  fixtures. 

The  above  requirements  when  first  considered  seem  very  sim- 

'  A  paper  presented  at  the  Second  Annual  Convention  of  the  nUiniinating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 
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pie  and  easy  of  fulfillment,  and  indeed  they  would  form  a  sim- 
ple proposition  were  all  the  conditions  fixed ;  but,  when  on  second 
thought  one  considers  that  every  installation  must,  or  should,  be 
so  designed  as  to  allow  a  maximum  amount  of  changes  without 
affecting  the  efficiency  of  the  results,  the  problem  becomes  more 
complex  and  worthy  of  the  attention  of  all  those  who  wish  the 
lighting  industry  to  make  progress. 

Take  for  example  the  floor  of  a  typical  office  building  and 
consider  what  it  means  to  lay  out  the  lighting  system  so  that 
each  new  tenant  with  his  special  requirements,  his  different  ar- 
rangment  of  high  and  low  partitions,  and  his  different  style 
of  furniture — may  still  have  enough  light  of  ample  intensity 
and  ditlusion  and  at  suitable  locations. 

It  is  not  sufficient  to  dismiss  the  difficulty  by  saying  that  each 
new  tenant  should  do  his  own  shifting  of  outlets,  for  this  is  apt  to 
mean  a  deterioration  of  the  installation  as  a  whole.  It  must  also 
be  borne  in  mind  that  in  many  cases  it  is  quite  impraciicable 
to  shift  concealed  conduit  outlets  as,  for  example,  in  a  ceiling 
where  the  iron  girders  are  not  more  than  one  inch  above  the 
finished  plaster  line  and  the  floor  above  occupied  by  other  tenants. 
The  necessary  shifting,  of  course,  could  easily  be  done  by  the  use 
of  mouldings  on  the  ceiling  or  walls,  but  this  method  at  once 
cheapens  the  character  of  the  work;  not  only  are  the  mouldings 
not  so  safe  or  clean  as  conduit  but  in  moulding  work  it  is  very 
easy  for  irresponsible  parties  to  cut  in  to  the  work  and  make 
more  or  less  dangerous  attachments.  It  must  also  be  borne  in 
mind  that  if  the  outlets  as  already  installed  meet  the  demands  of 
the  prospective  tenant  the  space  may  more  easily  be  rented  to 
advantage. 

It  would  seem,  therefore,  that  in  designing  the  lighting  for  an 
office  building  the  proper  method  of  procedure  is  not  the  one 
frequently  followed  of  arranging  the  circuits  in  each  separate 
office  irrespective  of  any  consideration  of  adjacent  rooms.  Such 
a  method  is  to  be  avoided  even  though  the  space  has  been  leased 
before  the  plans  have  reached  the  hands  of  the  illuminating 
engineer.  The  better  method  is  to  consider  each  floor  as  a 
whole,  bearing  in  mind  the  class  of  tenants  who  would  be  likely 
to  occupy  an  office  building  in  a  given  locality. 

Office    buildings    are    generally    arranged    with    the    main    or 
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high  partitions  midway  between  windows;  a  certain  minimum 
size  is  selected  for  an  office  space,  and  the  larger  offices  are 
multiples  of  such  a  minimum  space.  If,  therefore,  the  outlets 
for  general  illumination  are  placed  on  the  center  line  of  windows, 
and  if  other  outlets  are  placed  around  the  ceiling  a  short  distance 
inside  the  lines  of  partitions  it  would  seem  as  if  every  possible 
requirement  could  be  met  by  simple  fixtures,  and  the  outlets  not 
needed  be  capped  up.  This  plan  would  probably  involve  a 
greater  number  of  outlets  in  the  original  layout  than  abso- 
lutely necessary ;  but  when  it  is  considered  that  no  changes  would 
probably  be  required  it  will  be  appreciated  that  the  additional 
first  cost  would  be  more  than  made  up  in  saving  in  the  main- 
tenance cost  of  the  first  few  years.  Moreover,  the  installation 
as  a  whole  would  manifestly  be  a  better  one,  owing  to  such 
freedom  from  changes  and  alterations,  and  already  pointed  out, 
the  offices  would  be  more  rentable. 

The  above  general  statements  will  also  apply  to  any  residence,  in 
which  class  of  work  there  seems  to  be  a  growing  tendency  to  limit 
the  number  and  capacity  of  outlets  to  the  bare  requirements  of  a 
scheme  of  decoration  and  furniture  layout  that  has  been  decided 
on  by  the  original  owner,  architect  or  decorator  with  no  regard 
as  to  possible  new  requirements  of  a  future  purchaser  or  even 
changes  desired  by  the  original  owner  after  he  has  become  tired 
of  a  given  color  scheme  or  arrangement  of  interior. 

Consider  for  example  any  room  in  a  private  residence  where 
the  original  color  scheme  was  light  and  the  engineer  depended 
upon  a  large  co-efficient  of  reflection  for  walls  and  ceiling.  Be- 
cause of  close  competition  the  outlets  were  installed  and  the  wires 
proportioned  to  just  cover  the  above  requirements.  In  c^ 
year  or  so  the  owner  wishes  the  color  changed  to  a  dark  tint 
and  there  will  be  little  or  no  reflection  from  the  walls  or  ceil- 
ing. Then  it  becomes  necessary  either  to  exceed  the  require- 
ments of  the  Insurance  Code  or  to  do  additional  wiring  with 
the  attending  cutting  and  patching  and  the  possible  weakening 
of  studs  or  floor  timbers. 

If  the  outlets  were  installed  in  number  and  capacity  sufficient  for 
the  darkest  probable  treatment  very  little  would  be  added  to  the 
first  expense ;  and  the  decrease  of  the  light  to  the  exact  amount 
required  would  then  be  done  in  the  fixture  and  lamp. 
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Not  only  should  the  initial  equipment  be  such  as  to  cover  any 
probable  condition,  but  the  outlets  themselves  should  be  so  located 
that  any  re-arrangement  of  furniture  is  easy  and  practical.  In 
a  bedroom,  for  example,  it  has  often  been  the  practice  to  locate 
a  ceiling  outlet  near  the  wall,  or  a  side  wall  outlet  near  the  ceil- 
ing, to  provide  for  a  dressing  table  fixture  to  light  the  face  and 
hair.  When  subsequently  the  spirit  of  unrest  takes  possession 
of  the  occupant  of  the  room  and  she  wishes  to  change  the  posi- 
tion of  the  dressing  table  and  the  bureau,  it  is  a  difficult  matter 
to   re-arrange   the   fixtures. 

If,  in  place  of  the  above  special  dressing  table  fixture,  four  side- 
wall  outlets  had  been  placed  at  the  most  probable  locations  of 
dressing  table  and  bureau,  then  the  articles  of  furniture  could 
be  interchanged  at  will,  with  very  slight  changes  in  the  fixtures, 
and  perhaps  no  change  whatever  except  in  the  glass-ware.  This 
plan  would  render  the  room  not  only  more  attractive  to  its  oc- 
cupant but  would  also  assist  in  selling  the  residence  to  a  pros- 
pective purchaser.  It  should  be  (and  is)  quite  possible  for  the 
illuminating  designer  so  to  design  a  fixture  and  glass-ware  that 
a  side  bracket  on  simple  and  attractive  lines  will  accomplish  for  a 
dressing  table  all  the  results  that  are  now  claimed  for  the  special 
dressing  table  fixture  mentioned  above,  which  special  fixture  is 
often   recommended   by   some  of   the   fixture   companies. 

Illustrations  like  the  above  could  easily  be  multiplied,  but  it 
is  believed  that  enough  has  been  said  to  indicate  the  need  of  more 
attention  to  the  elasticity  of  any  proposed  layout  of  conduit 
and  wires  for  illuminating  work,  so  that  changes  in  the  require- 
ments for  light  will  involve  little  or  no  changes  in  that  portion 
of  the  equipment  which  forms  a  part  of  the  construction  of  the 
building. 

It  is,  of  course,  quite  proper  that  the  illuminating  engineer 
should  give  his  best  skill  to  the  design  and  arrangement  of 
fixtures,  glass-ware  and  lamps  at  existing  outlets  so  that  the  best 
possible  results  may  be  obtained  in  any  installation  which  comes 
under  his  charge ;  and  great  credit  is  due  our  illuminating  engi- 
neers for  the  advance  made  in  this  art  during  the  last  few 
years. 

It  is  also  true  that  in  any  installation  where  the  layout 
of  the  outlets  is  under  the  engineer's  charge,  he  must  bear  in 
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niincl  tliat  he  is  dealing  not  only  with  the  science  of  illumina- 
tion, but  also  with  the  vagaries  of  human  nature.  The  love  of 
change  which  seems  inherent  in  the  "Genus  Homo"  is  as  much 
a  part  of  the  equation  as  is  the  "flux  of  light." 

The  discussion  of  this — probably  the  most  important — branch  of 
the  subject  seems  to  have  prolonged  this  paper  unduly,  and  it 
is  necessary  for  me  to  confine  myself  to  the  mere  mention  of  cer- 
tain other  "structural  difficulties."  I  do  not  wish  to  appear 
to  criticise  the  valuable  work  being  done  by  the  electrical  engi- 
neering profession  here  represented,  but  I  feel  that  the  mention 
of  certain  items  which  appear  as  "structural  difficulties"  from 
the  contractors  standpoint  may  be  a  benefit  to  the  profession  as  a 
whole.  I  refer  particularly  to  the  "specification"  now  written,  to 
a  large  extent,  by  the  consulting  engineer  and  used  by  the  con- 
tractor as  a  basis  for  his  estimates.  Tt  is  most  desirable  that 
this  "specification"  be  made  as  simple  and  concise  as  possible, 
and  that  specialties  should  be  avoided,  such  as  the  special  strand- 
ing of  wire  different  from  the  standard;  extra  heavy  carrying 
capacity  for  switchboards  and  panel  boards ;  extra  spacing  be- 
tween conductors  of  different  polarities ;  special  outlet  boxes  differ- 
ent from  the  standard ;  the  specifying  of  a  particular  appliance 
when  several  of  equal  excellence  are  on  the  market ;  the  unfair 
clause  requiring  the  contractor  "to  make  any  alteration  of  out- 
lets requested  without  additional  charge'  and  various  other  items 
along  the  same  line.  It  is  for  the  benefit  of  all  concerned  that 
electrical  work  be  as  near  the  standard  ar  possible,  and  it  will 
probably  be  conceded  that  the  standards  established  by  the  Un- 
derwriters are  sufficient  to  ensure  safe  and  .good  construction. 
Standardization  means  economy  and  will  unquestionably  tend 
to  minimize  the  cost  of  construction,  and  it  must  be  admitted 
that  the  lower  the  cost  of  construction  the  more  likelihood  of  the 
extension  of  the  electrical  field  which  must  prove  of  benefit 
to  all  interested. 


DISCUSSION. 

Mr.  H .  Calvert : — With  Mr.  Strong's  paper  I  am  inclined 
partly  to  agree  and  partly  to  disagree.  There  is  no  question 
but  that  the  character  of  the  work  with  which  he  is  dealing, 
that  is  to  say,  wiring  in  concealed  conduits,  is  such  that  it  is  a 
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very  difficult  matter  to  make  any  changes,  but  it  seems  to  me 
that  his  suggestion  of  putting  in  additional  outlets  m  office  build- 
ings to  suit  all  possible  conditions  of  arrangement  of  the  office, 
and  locations  of  partitions,  is  increasing  the  cost  of  the  first  in- 
stallation beyond  all  justification.  I  presume  in  the  majority  of 
cases  the  original  partitions  are  not  changed,  but  if  they  are 
changed,  it  is  possible  that  the  partitions  will  be  placed  in  new 
locations  which  will  not  suit  the  outlets,  no  matter  how  many 
of  them  there  may  be. 

The  best  way  that  I  can  see  of  solving  the  problem  is  by  the 
installation  of  receptacles  in  the  baseboard  around  the  room, 
and  using  them  for  desk  lamps  for  local  illumination,  depending 
largely  on  the  general  illumination  of  the  room  for  other  pur- 
poses. 

With  regard  to  the  wiring  of  houses,  residences  in  particular, 
it  generally  happens  that  the  design  of  the  room  with  reference 
to  the  location  of  the  doors  and  the  windows  will  permit,  at  least 
in  the  average  house,  of  only  one  location  of  the  different  ar- 
ticles of  furniture.  For  instance,  as  a  rule  a  bed  or  bureau 
can  be  located  in  only  one  place,  consequently,  although  the  good 
lady  of  the  house  generally  does  desire  to  make  a  change,  she 
is  limited  not  so  much  by  the  location  of  the  outlets  and  fix- 
tures as  by  the  architectural  design  of  the  room. 

To  install  a  great  number  of  outlets  either  in  a  residence  or 
in  an  office  building  increases  the  cost  of  them  beyond  all  justi- 
fication, because  if  the  houses  or  offices  are  to  be  rented,  or 
bought,  as  a  rule  it  is  not  the  location  of  the  outlets  that  deter- 
mine the  price ;  it  is  the  general  location  of  the  building  and  the 
surroundings,  and  other  conditions,  the  wiring  being  of  a  second- 
ary consideration. 

Mr.  Walton  For  stall : — I  may  add  a  little  to  what  Mr.  Calvert 
said  as  to  the  effect  upon  first  cost  of  placing  outlets  wherever 
it  is  thought  they  will  be  needed  in  the  future.  Gas  companies 
have  tried  to  insure  the  use  of  piping  amply  large  for  all  future 
demands,  and  have  thought  the  only  safe  rule  to  follow  was  to 
consider  that  all  outlets  provided  would  be  used  simultaneously. 
This  rule  has  undoubtedly  caused  in  some  cases  the  use  of  larger 
piping  than  was  necessary,  and  its  operation  would  heavily  penal- 
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ize  any  installation  of  alternative  outlets.  If  there  is  a  disposi- 
tion on  the  part  of  architects  or  owners  to  provide  such  outlets, 
then  the  house  piping  rules  must  be  modified  so  that  in  such  cases 
the  size  of  piping  will  be  determined  not  by  total  number  of  out- 
lets, but  by  the  probable  number  to  be  used  simultaneously. 

In  the  United  Gas  Improvement  Company's  building  in  Phila- 
delphia, the  piping  system  was  planned  so  as  to  include  all  pos- 
sible outlets,  and  using  any  combination  desired.  If  my  memorj 
is  correct,  the  outlets  were  laid  out  along  the  centre  Hne  of  each 
window,  extending  back  from  the  face  of  the  outside  wall  to  the 
interior  wall,  and  the  distance  apart  was  probably  five  feet.  The 
ceiling  of  a  room,  which  may  include  three  windows,  contains 
probably  fifteen  outlets  just  protruding  through  the  ceiling,  or 
partly  covered;  thus  there  is  provided  a  very  nice  combination 
of  outlets  from  which  to  choose. 

Mr.  C.  W.  Hare : — It  would  be  well  to  apply  the  knowledge  of 
the  illuminating  engineer  to  the  distribution  of  light  for  each 
individual  room,  and  provide  a  sufficient  number  of  outlets  for 
either  gas  or  electricity,  or  both,  to  illuminate  the  room  sufficiently 
well  for  all  purposes.  Such  a  plan  is  preferable  to  installing  a 
certain  number  of  outlets  for  any  possible  use. 

Mr.  J.  B.  Woodwell: — Second  to  the  question  of  the  number 
of  outlets  and  their  location,  is  the  matter  of  the  control  of  the 
lamps.  That  point  must  be  considered,  first,  with  leference  to 
the  convenience  in  switch  control,  that  it,  the  desirable  location 
of  the  switch  and  number  of  lamps  to  be  connected  on  one  par- 
ticular circuit,  and  second,  the  economical  control  of  the  circuit. 
Probably  there  is  no  one  thing  of  more  importance  today  in 
practical  electrical  installation  than  the  matter  of  the  proper  and 
suitable  control  of  the  lamps  on  the  different  circuits,  so  that  the 
arrangement  will  be  both  convenient  and  economical. 

Mr.  V.  R.  Lansingh: — I  saw  an  installation  the  other  day  in 
which  wires  had  been  run  directly  in  the  floor.  Small  channels 
had  been  cut  in  the  floor  and  all  wires  were  placed  therein, — 
so  that  no  matter  where  a  desk  was  placed,  either  telephone, 
electric  lamp  or  phonograph  connections  could  easily  be  made. 

Mr.  Strong: — Unquestionably  the  chief  reason  for  altering 
outlets  and  injuring  the  building  is  insufficiency  of  light. 
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The  suggestion  that  outlets  in  office  buildings,  particularly, 
should  be  kept  off  of  outside  walls  is  an  excellent  one,  but  a 
switch  must  be  placed  on  some  partition  walls.  The  matter  of 
control  was  not  dealt  with  in  the  paper,  as  the  paper  did  not 
attempt  in  any  way  to  cover  the  whole  subject,  but  I  think,  in- 
sofar as  a  residence  is  concerned,  where  the  actual  cost  is  not  an 
important  feature,  it  is  a  good  idea  to  put  in  numerous  switches. 
My  experience  with  switches  in  an  office  building  is  that  with 
the  exception  of  one  switch  for  a  center  outlet,  they  are  unneces- 
sary; as  a  rule  the  ceiling  fixture  which  is  used  in  the  office 
can  readily  be  controlled  by  hand,  and  it  is  well  to  economize 
somewhat  in  locating  switches  in  an  office  building. 

It  is  true  that  if  more  outlets  are  installed  than  may  be  needed 
the  first  cost  is  increased  to  some  extent,  but  as  I  tried  to  point 
out  in  the  paper  the  final  cost  will  be  less,  considering  the  altera- 
tions that  must  be  made  if  the  outlets  are  proportioned  strictly 
for  only  the  original  arrangement  of  the  office. 

My  plan  is  to  install  a  center  outlet,  and  use  in  addition  to 
that  a  row  of  outlets,  say  five  feet  apart,  two  feet  from  the  wall, 
forming  a  rectangle  around  the  center  outlet;  with  that  distance 
between  outlets  one  will  be  able  by  means  of  a  fixture  to  illumi- 
nate a  piece  of  furniture  or  desk  placed  in  any  part  of  that  room. 
While  such  a  plan  may  add  a  little  to  the  first  cost,  it  will  satisfy 
the  owner  better  in  the  long  run,  since  he  can  simply  change  the 
fixtures  and  need  not  cut  the  plaster  or  make  holes  in  a  brick 
or  other  kind  of  partition. 

In  the  bed  room  of  a  residence  it  is  true  that  the  logical  place 
for  the  bed  is  in  one  spot,  as  a  rule,  but  my  observation  has  been 
that  furniture  will  be  changed,  notwithstanding  that  there  is  only 
one  logical  place  for  the  bed;  before  the  room  is  occupied  the 
bed  may  be  placed  across  a  door  connecting  the  adjoining  room, 
and  left  in  this  position,  while  the  bureau  will  be  placed  where 
the  bed  should  be,  and  the  lamp  will  be  in  the  further  corner  of 
the  room — a  lamp  shining  on  the  back  of  a  person  when  facing 
a  mirror  is  not  in  the  best  position  for  lighting  the  face  of  that 
person. 

The  case  mentioned  of  the  United  Gas  Improvement  Com- 
pany's building  in  Philadelphia,  coincides  with  my  views. 
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I  think  mouldings  should  be  used  only  where  one  is  compell- 
ed to  do  so.  They  are  unsightly,  in  the  first  place,  and  they  are 
dangerous  in  the  second  place;  they  are  relics  of  bygone  days. 
I  do  not  know  of  any  modern  office  building  that  uses  mould- 
ings, unless  the  architect  forgot  electric  lamps,  or  no  electrical 
engineer  was  consulted.  Those  are  the  only  reasons  of  which 
I  can  think  for  equipping  a  new  building  with  mouldings.  A 
building  should  be  wired  before  it  is  finished,  and  concealed  con- 
duits should  be  used. 


ARCHITECTURE  AND  ILLUMINATION. 


BY  EMILE  G.  PERROT. 


As  the  primary  function  of  a  building-  is  to  serve  the  practi- 
cal uses  of  man,  it  is  evident  that  the  most  successful  building 
from  this  standpoint  is  the  one  that  embodies  to  the  last  degree 
all  improvements  calculated  to  satisfy  the  needs  of  our  complex 
civilization.  Viewed  strictly  from  the  utilitarian  standpoint,  there- 
fore, architecture  and  illumination  are  inseparable.  If,  however, 
architecture  is  considered  in  its  real  significance  as  being 
ornamental  construction,  one  of  the  fine  arts,  and  possessing  in 
addition  to  its  technical  value,  aesthetic  and  phonetic  values, — 
that  is,  beauty  and  power  to  tell  a  story, — ^then  illumination  be- 
comes only  the  handmaid  of  architecture,  as  are  painting  and 
sculpture. 

Hence,  it  is  seen  that  the  relation  of  illumination  and  architec- 
ure  may  be  considered  from  a  twofold  aspect.  If  we  consider 
architecture  with  the  most  serious  thought  and  take  Ruskin's  view- 
point of  it,  '  'we  may  live  without  her  and  worship  without  her, 
but  we  cannot  remember  without  her,"  then  we  must  consider 
the  ability  of  our  architecture  to  transmit  to  posterity  the  true 
life  and  histroy  of  our  time,  written  in  imperishable  stone  to 
be  the  conqueror  of  the  forgetfulness  of  men.  Only  when  this 
has  been  done  will  the  highest  function  in  the  practice  of  the  art 
have  been  fulfilled. 

In  order  that  a  building  may  give  pleasure  to  the  beholder,  it 
must  possess  the  attributes  of  unity,  grace,  and  proportion. 
Unity  consists  in  the  manifest  connection  of  the  parts  into  a 
whole.  When  the  parts  are  arranged  with  a  varied  outline, 
they  give  pleasure  from  this  cause ;  while  proportion  consists 
in  so  regulating  the  size  of  the  parts  thai  they  appear  in  har- 
monious relation  to  each  other.  Hence  it  is  by  the  possession 
of  these  three  attributes  to  the  proper  degree  that  a  building 
ranks  as  a  work  of  art. 

The   architect's   means   of  expression   is   by   the   use   of   the 

1  \  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 
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materials  of  construction,  which  must  be  so  moulded  and  shaped 
as  to  give  the  appearance  of  solidity;  that  is,  that  the  building 
is  a  concrete  reality,  that  it  is  solid  and  substantial  in  addition 
to  being  a  thing  of  beauty.  This  effect  is  produced  largely  by 
means  of  shades  and  shadows;  hence  the  knowledge  of  the  ''third 
dimension,"  as  it  is  called,  is  necessary  to  the  proper  expression 
of  a  building.  It  is  here  that  light  plays  a  most  important  part 
in  the  bringing  out  of  the  details  which  characterize  the  work 
of  the  master  architect.  It  was  the  understanding  of  the  contour 
of  details  that  made  the  Greeks  surpass  the  Romans  as  artists, 
and  is  indicative  of  the  perfection  to  which  the  Greek  mind  was 
developed  as  compared  with  that  of  Ac  Roman.  If  a  study  is 
made  of  the  capitals  of  the  Doric  order  of  Architecture,  which 
were  used  by  both  the  Greeks  and  the  Remans,  the  shape  of  the 
ovolo  mould  in  the  former  will  be  seen  to  possess  that  subtleness 
of  outline  that  the  light  and  shade  changes  so  gradually  as  to 
produce  a  softness  not  obtainable  in  the  bold  outline  used  by 
the  Romans,  which  latter  was  an  expression  of  a  less  refined 
nature.  The  study  of  the  play  of  light  and  shade  on  the  exterior 
of  a  building  requires  the  highest  kind  of  training  for  the  suc- 
cessful outcome  of  an  architectural  composition ;  the  effect  of  the 
building  in  strong  sunlight  being  usually  considered. 

With  the  interior  of  the  building,  however,  it  is  different. 
The  effect  of  the  strong  sunlight  no  longer  exists,  a  diffused  or 
subdued  light  takes  its  place.  Hence,  the  design  of  details  for 
the  interior  of  a  building  should  not  possess  the  same  charac- 
teristics as  are  found  on  the  exterior  of  buildings.  Here  again 
the  skillful  architect  seizes  his  opportunity  to  display  his  talent 
by  so  modifying  the  details  that  they  may  be  best  brought  out 
under  the  different  light  conditions. 

The  aspect  of  a  building  when  viewed  in  daytime  will  be 
different  from  that  at  night  with  artificial  illumination.  There- 
fore, the  architect  should  study  the  method  of  lighting  in  rela- 
tion to  its  effect  on  the  aspect  of  the  design,  in  just  the  same  man- 
ner as  he  does  the  effect  of  sunlight.  This  phase  of  the  art  of  light- 
ing, it  must  be  confessed,  has  been  very  nmch  neglected  by  the 
architect.  It  is  to  be  hoped  that  greater  care  will  be  used,  and 
more  study  put  into  the  illumination  of  buildings,  by  our  archi- 
tects so  that  the  result,  when  the  building  is  completed,  will  be 
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one  in  which  no  shortcoming  from  this  cause  will  be  visible. 
Much  can  be  done  by  this  Society  to  further  this  end  among 
the  architects. 

For  the  purposes  of  this  paper,  illumination  may  be  divided 
into  two  parts, — "necessary  lighting,"  and  "decorative  lighting," 
Under  the  first  head  is  included  all  methods  of  lighting  which 
are  used  in  buildings  irrespective  of  the  eltect  upon  the  architec- 
ture; in  other  words,  the  scientific  application  of  the  sources  of 
light  for  the  purposes  of  rendering  possible  the  use  of  the  build- 
ing at  night  time. 

The  second  division  comprises  that  use  of  artificial  lighting 
for  the  purposes  of  display,  without  any  reference  to  the  scienti- 
fic or  economic  aspect.  Of  course,  the  latter  method  of  light- 
ing also  performs  the  function  of  the  former. 

The  method  of  lighting  outlined  under  the  first  heading  is  the 
one  that  has  been  employed  in  the  majority  of  cases ;  in  many 
instances  it  seriously  counteracts  the  effects  of  the  architecture  by 
compelling  the  use  of  large  and  unsightly  fixtures  in  locations 
ill  adapted  for  them.  This  result  is  very  noticeable  in  large 
buildings  whose  prototypes  are  the  monuments  of  ancient  Rome 
and  Greece,  in  which  the  use  of  elaborate  chandeliers  are  un- 
known. However,  lighting  fixtures,  if  properly  placed,  and  de- 
signed for  the  location,  are  one  of  the  best  means  of  adding  to 
the  furnishings  of  an  apartment.  The  architect  should  design 
the  fixtures  for  a  building  just  as  he  designs  the  carving  for  a 
column  capital  or  the  bas-relief  enrichment  of  a  frieze,  for  the 
use  of  stock  patterns  for  any  feature  of  a  building  is  reprehensi- 
ble. On  the  other  hand  nothing  is  more  striking  in  a  building 
than  a  lighting  fixture  when  in  use  at  night  time. 

As  a  rule,  the  general  practice  heretofore  has  been  for  the 
architect  either  to  make  a  selection  from  fixtures  that  are  in 
stock  or  to  entrust  the  designing  of  "the  fixtures  to  specialists 
in  this  line. 

In  many  cases  the  architect  is  not  consulted  at  all,  the  owner 
or  committee  arrogating  this  right  to  themselves,  very  frequently 
to  save  the  architect's  commission.  However,  in  more  important 
work  the  architect's  influence  on  the  selection  of  fixtures  is 
felt  more  than  ever,  to  the  extent  thus  far  that  the  architect  even 
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designs  the  hardware  for  the  building,  ju3t  as  he  would  a  stair- 
rail  or  iron-grille. 

A  very  successful  combination  of  architecture  and  illumina- 
tion exists  in  the  new  Singer  Building,  New  York.  The 
lighting  of  the  main  entrance  lobby  is  particularly  striking  by 
reason  of  the  absence  of  electroliers,  while  the  architect  has  made 
use  of  concealed  lamps  over  a  diffusing  glass  forming  the  cen- 
ter of  each  vault;  thus  a  flood  of  light  emanates  from  the 
center  of  each  vault,  bringing  out  very  effectively  the  details 
of  the  building.  The  decorative  or  display  lighting  of  the  ex- 
terior of  the  building  is  effectively  accomplished  in  the  com- 
bined use  of  lamps  to  outline  the  architecture  of  the  roof,  and 
search  lanterns  to  illumine  the  shafts  of  tlie  high  tower,  bringing 
out,  even  in  night  time,  the  effect  of  the  color  scheme.  While 
one  may  question  from  an  architectural  standpoint  the  wisdom 
of  the  display  on  a  building  of  this  type,  there  can  be  no  doubt 
that  the  scheme  is  appropriate  in  the  case  of  the  lighting  of 
such  pleasure  buildings  as  are  seen  in  tlie  summer  parks,  such 
as  the  towers  in  Coney  Island.  The  kaleidoscopic  treatment  of 
the  designs  in  electric  lamps  is  in  keeping  with  the  latter 
type  of  building,  and  the  general  use  of  lamps  to  outline  the 
architecture  and  form  part  of  the  generc^l  treatment  of  the  design 
is  to  be  commended. 

One  of  the  most  successful  uses  of  decorative  lighting  on 
a  large  scale  was  in  connection  with  the  Buffalo  Exposition  of 
1901.  On  account  of  the  nearness  of  the  Exposition  to  Niagara 
Falls,  it  was  possible  to  produce  effects  on  a  large  scale  hardly 
possible  when  the  cost  of  production  is  so  much  greater.  In 
the  Exposition  it  can  be  truly  said  that  illumination  was  the 
handmaid  of  architecture,  for  no  one  standing  at  the  entrance 
to  the  forecourt  at  sunset,  with  the  strains  of  the  band  playing 
the  soul-stirring  national  anthem,  was  not  stirred  when  he  looked 
upon  the  dim  outlines  of  the  buildings  as  they  receded  one  back 
of  another  with  the  tall  tower  looming  jp  in  the  distance  about 
to  lift  its  pinnacle  of  light  to  Heaven  to  proclaim  to  the  world  the 
supremacy  of  man's  genius  as  exemplified  and  typified  in  the 
pillars  of  light.  The  sight  was  particularly  impressive  when 
in  the  midst  of  this  gloom  the  soft  glow  of  the  electric  lamps 
encompassed  the  entire  scene,  and,  as  if  possessed  of  a  single 
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moving  spirit,  the  glow  gradually  grew  to  a  brighter  and  bright- 
ter  light  until  the  entire  surroundings,  buildings,  landscape,  and 
statuary,  glistened  in  the  brilliancy  of  thousands  of  electric  lamps 
that  served  not  only  to  delineate  the  buildings  but  to  illumine  the 
heavens  for  miles  around.  Anyone  who  was  fortunate  enough 
to  witness  it  will  agree  with  the  statement  that  for  the  perfect 
union  of  architecture  and  illumination  the  Buffalo  Exposition  has 
never  been  surpassed. 

My  idea  as  to  one  way  in  which  this  Society  could  materially 
help  the  architects,  as  mentioned  in  a  previous  part  of  this  paper, 
is  by  the  publication  of  tables  embodying  standards  and  by  giv- 
ing data  and  formulas  for  the  lighting  of  all  types  of  buildings 
by  the  various  illuminants.  Such  pamphlets  should  contain  ex- 
amples of  lighting  schemes  in  existing  buildings.  Of  course, 
the  publication  of  such  data  would  involve  considerable  labor 
and  cost,  but  I  think  a  committee  of  this  Society  could  be  ap- 
pointed which  would  be  able  to  accomplish  this  end,  if  the  mem- 
bers consisted  of  those  who  had  previously  performed  this  ser- 
vice for  the  large  manufacturing  and  lighting  companies.  I 
hope  the  convention  will  take  some  steps  towards  furthering  this 
end.  If  buildings  are  to  be  properly  lightea  and  made  to  embody 
the  latest  improvements,  the  architects  should  be  kept  in  touch 
with  all  that  is  new  and  desirable  for  the  purpose  of  effectively 
and  economically  lighting  the  buildings  he  designs,  with  the 
view  of  wedding  together  architecture  and  illumination,  and  thus 
leave  to  posterity  the  fullness  of  what  has  hitherto  been  but  a  faint 
effort  of  the  proper  union  of  the  noblest  of  the  fine  arts,  and 
the  most  useful  of  the  sciences.  I  believe  that  this  result  can 
be  better  accomplished  through  this  Society  than  by  any  other 
means. 


DISCUSSION 

Mr.  Albert  J.  Marshall: — In  connection  with  the  remark  by 
Mr.  Perrot,  that,  "when  the  illuminating  engineer  has  some- 
thing of  importance  to  do  dealing  with  architecture,  he  should 
consult  an  architect"  it  might  be  well  to  note  that  it  is  a  poor  rule 
that  does  not  work  both  ways,  and  that  it  would  not  be  out  of 
place  to  remark  that  when  the  architect  has  something  of  im- 
portance to  do  dealing  with  artificial  lighting,  it  might  be  well 
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for  him  to  consult  an  illuminating  engineer.  By  consulting 
such  an  independent  source,  the  architect  would  not  be  under 
obligations  to  commercial  interests  which  have  heretofore  oft- 
times  supplied  engineering  information  primarily  as  a  means 
of  selling  their  product. 

Mr.  Perrot  states  that  lighting  may  be  confined  to  two  general 
heads,  namely,  "necessary  lighting"  and  "decorative  lighting," 
and  that  "under  the  first  head,  namely,  necessary  lighting,  are 
included  all  methods  of  lighting  which  are  used  in  buildings 
irrespective  of  the  effect  upon  the  architecture."  In  other  words, 
the  scientific  application  of  the  sources  of  light  for  the  purpose 
of  rendering  possible  the  use  of  the  building  at  night  time." 
Personally  I  cannot  conceive  of  any  building  in  which  artificial 
light  may  be  used  that  does  not  have  some  architecture  or  deco- 
rative treatment  to  be  considered  when  the  lighting  system  is  be- 
ing designed,  even  though  the  building  be  of  the  crudest  form; 
even  if  one  were  designing  a  lighting  system  for  a  barn,  it 
would  be  desirable  to  recommend  a  system  which  would  be  har- 
monious with  its  surroundings.  I  think  that  too  great  stress 
cannot  be  laid  on  this  most  important  point,  namely,  making  a 
lighting  system  harmonize  with  its  general  surroundings  in  as 
full  detail  as  possible. 

Mr.  L.  R.  Hopton : — My  only  criticism  of  this  excellent  paper 
is  that  it  is  not  long  enough  to  deal  adequately  with  so  large  a 
subject  as  the  relation  between  architecture  and  illumination. 
Mr.  Perrot  in  his  last  paragraph  has  hit  the  nail  squarely  on  the 
head,  for  while  the  illuminating  engineer  can  exercise  almost 
unrestricted  his  engineering  function  in  designing  illuminating 
schemes  for  all  buildings  of  a  commercial  character  he  must  work 
hand  in  hand  with  the  architects  on  all  but  commercial  work. 
I  think  that  the  Society  can  do  nothing  better  than  to  pub- 
lish the  results  of  successful  work  done  by  prominent  illuminat- 
ing engineers  in  consultation  with  prominent  architects.  Such 
data  would  be  of  great  educational  value  both  to  illuminating 
engineers  and  to  architects. 

Mr.  Bmile  G.  Perrot: — In  the  first  place  I  wish  it  understood 
that  the  co-operation  of  the  engineer  and  architect  in  any  scheme 
is  necessary.     I  myself  by  training  am  a  structural  engineer  as 
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well  as  an  architect.  The  same  difficulties  which  this  Society 
is  encountering  in  the  case  of  the  architects  was  felt  long"  ago, 
and  is  felt  to  some  extent  today,  by  the  big  structural  engineer- 
ing firms  who  design  the  modern  sky-scrappers,  and  the  co-opera- 
tion of  the  architect  and  engineer  in  these  big  undertakings  is  of 
vital  importance.  However,  there  are  members  of  the  architect 
profession  who  unfortunately,  I  must  say,  have  very  little  liking 
for  the  structural  or  scientific.  I  shall  endeavor  to  make  clear 
my  point  regarding  "necessary  lighting"  and  "decorative  lighting" 
or  display  lighting,  as  I  do  not  think  the  meaning  has  been 
grasped  exactly. 

I  did  not  refer  to  the  fact  of  whether  the  fixture  was  in  Louis 
XVI  style  or  art  nouveau  style  or  the  French  Empire  style,  or 
whatever  it  may  be,  I  referred  to  the  effect  of  the  light  on  the 
mouldings,  and  the  shape  of  the  mouldings  should  correspond  to  a 
certain  condition  of  light.  As  is  well  known,  an  object  can 
be  made  to  appear  distorted  by  giving  it  the  wrong  viewpoint. 
Now,  the  lamps  may  be  placed  in  a  building  so  as  to  produce 
shadows  on  the  wrong  side  of  the  mouldings  and  thus  make 
them  look  something  different  from  what  they  are. 

Regarding  the  publication  of  various  tables,  etc.,  of  which 
I  spoke,  I  am  well  aware  that  each  person  has  his  own  little 
sphere  in  which  to  labor.  The  illuminating  engineer  has  his 
sphere  just  as  does  the  architect,  but  I  am  a  firm  believer  that 
when  any  body  of  men  show  that  they  are  important,  make  them- 
selves felt,  they  become  servants  of  those  who  need  them. 

The  architect  needs  the  services  of  the  illuminating  engineer 
badly.  It  is  to  be  regretted  that  architects  do  not  call  in  the 
illuminating  engineer  in  the  earlier  stages  of  their  architectural 
schemes. 

I  repeat  that  this  body  of  illuminating  engineers,  if  they  wish 
to  make  themselves  felt,  should  act  somewhat  in  the  same  man- 
ner as  did  the  structural  engineers  and  big  steel  corporations, 
by  sending  out  literature  in  the  shape  of  hand  books,  thus  mak- 
ing every  little  architect,  no  matter  whether  he  designed  only  a 
wooden  cottage,  to  realize  that  the  steel  beam  was  the  thing  to 
use  in  the  proper  place,  and  he  had  a  book  in  which  he  could  find 
a  description  and  tables  of  strength  of  the  steel  beams  for  certain 
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places.  They  created  a  demand  through  educating  the  architect 
concerning  a  matter  about  which,  say  50  per  cent .  of  the 
architects  in  the  country,  knew  very  Httle.  A  similar  result 
would  follow  a  similar  action  by  the  illuminating  engineers.  From 
a  scientific  standpoint,  the  architects  know  very  little  about  illumi- 
nation and  if  the  Society  were  in  a  position  to  educate  them, 
it  would  eliminate  that  defect  in  the  knowledge  of  the  architect 
concerning  the  matter  of  illumination. 


THE  IVES  COLORIMETER  IN  ILLUMINATING 
ENGINEERING.^ 


BY  DR.  HKRBDRT  t.  IVE:S. 


The  Ives  colorimeter  is  an  instrument  designed  by  Mr.  Fred- 
eric E.  Ives  for  the  measurement  of  all  colors  in  terms  of 
three  primary  colors.  As  has  long  been  known,  spectral  red, 
green  and  blue  light  mixed  in  various  proportions  v/iil  reproduce 
to  the  eye  all  the  hues  met  in  nature.  This  fact,  hitherto  made 
use  of  in  the  scientific  laboratory  for  the  study  of  color  sensa- 
tions, and  applied  commercially  in  the  practice  of  trichromatic 
photography,  has  not  before  been  utilized  m  the  practical  meas- 
urement of  color. 

By  means  of  the  colorimeter  it  is  possi!)ie  to  describe  a  color 
accurately  in  terms  of  the  red,  green,  and  blue  components  of  a 
standard  white  light.  For  instance,  in  place  of  the  indefinite 
term  "pink,"  a  color  may  be  designated  as 

Red  62;  Green  31;   Bine  50 
white  being 

Red  100;  Green  100;  Blue  100. 

These  figures  mean  that  by  mixing  red.  green,  and  blue  light 
in  the  proportions  given  there  is  produced  to  the  eye  the  sensation 
of  pink. 

Two  colors  alike  to  the  eye  measure  alike  in  the  colorimeter. 
In  this  it  differs  from  the  spectrophotonieter,  which  gives  the 
intensity  at  every  point  in  the  spectrum  buc  only  an  approximate 
indication  of  how  the  eye  will  compare  the  color  in  question 
with  another,  In  the  colorimeter,  therefore,  we  have  a  means 
hitherto  lacking,  of  comparing  numerically  the  visual  effect  of 
such  dissimilar  sources  of  light  as  a  gas  flame  and  a  mercury 
vacuum  arc. 

Although  designed  to  measure  colored  fabrics  by  reflected  light, 
the  colorimeter  may  be  used  to  study  the  colors  of  various  illumi- 
nants,  and  in  problems  connected  with  their  use.  Tlie  present 
investigation,  suggested  by  Dr.  E.  P.  H\de,  has  for  its  object 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Pliiladelphia,  October  5-6,  igo8. 
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a  preliminary  study  of  the  color  of  various  artificial  sources,  and 
the  change  in  appearance  of  colored  objects  when  ilium inate«l  by 
them. 

A  brief  description  of  the  instrument  will  be  necessary.  It 
consists  essentially  of  an  oblong  box,  at  one  end  of  which  are 
placed  four  slits,  one  clear,  the  three  others  furnished,  re- 
spectively, with  a  red,  a  green  and  a  blue  color  screen.  By 
means  of  levers  the  openings  of  the  three  colored  slits  may  be 
altered  to  read  by  scales  from  zero  to  one  hundred.  Within 
the  instrument  is  a  wheel  of  lenses  which  when  rotated  rapidly 
by  a  small  motor  causes  the  three  colors  to  pass  across  the  field 
of  vision  of  an  eyepiece,  thus  mixing  them  by  persistence  of 
vision.  The  optical  arrangements  are  such  that  one  observes 
a  divided  field,  one-half  consisting  of  the  mixture  of  three  colors, 
the  other  the  color  to  be  matched,  as  viewed  through  the  clear 
slit.  For  ordinary  use  a  white  surface  reflecting  the  light  of 
the  sky  serves  as  standard  white,  the  fabric  observed  being 
illuminated  by  the  same  light.  To  make  a  measurement,  the 
three  levers  are  opened  until  \^hite  is  matched,  and  the  scales  are 
adjusted  to  read  100  for  each  color  (this  method  compensates 
for  slight  differences  in  color  vision  of  different  eyes)  ;  then  any 
color  matched  by  moving  the  three  levers  can  be  read  off*  in 
terms  of  the  red,  green  and  blue  used  ^o  match  white. 

For  measuring  colored  lights  this  arrangement  of  apparatus 
needed  modification.  Since  two  different  sources  were  in  use, 
the  measured  light  and  a  comparison  source — the  region  in  front 
of  the  instrument  was  divided  by  a  partition.  The  light  studied 
was  allowed  to  fall  on  a  flat  surface  of  magnesium  oxide  placed 
before  the  clear  slit.  On  the  other  side  was  placed  the  compari- 
son light,  to  be  described  shortly. 

The  question  of  a  suitable  standard  to  serve  for  comparison 
light  presented  certain  difficulties.  Average  daylight  is  the  logi- 
cal standard.  Daylight,  however,  varies  greatly  in  character 
from  average,  and  moreover  is  apt  to  be  so  changeable  during 
even  a  short  interval  as  to  render  it  useless  for  a  series  of  com- 
parative measurements.  It  was  therefore  decided  to  use  some 
reliable  constant  source,  afterward  reducing  the  figures  obtained 
to  average  daylight.  A  practical  consideration  was  that  the 
comparison  light  should,  if  possible,  be  intermediate  in  charac- 
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ter  between  the  extremes  of  color  to  be  measured.  The  light 
finally  decided  on  was  that  of  a  tungsten  lamp  operated  at  1.13 
watts  per  mean  spherical  candle.  The  lamp  used  had  a  frosted 
globe,  and  was  placed  about  two  inches  in  front  of  the  colored 
slits.  A  strip  of  flashed  opal  glass  served  to  diffuse  and  equalize 
the  illumination  of  the  slits. 

With  the  apparatus  so  arranged  the  light  from  any  illuminant 
could  be  measured  and  compared  with  any  other.  As  illustra- 
tion, the  readings  of  a  gas  flame  and  a  i^Jernst  glower  were  re- 
spectively (red,  green,  blue),  30.7,  38.7,  19  and  44.7,  71.7,  56.3. 
Choosing  such  an  absolute  brightness  as  will  bring  the  two 
sources  to  equality  in  the  red  the  following  latio  is  found: 

Red  Green  Blue 

Gas -^  Nernst i  .78  .51 

Table  I  gives  the  results  of  a  set  of  measurements  on 
twenty-one  different  sources  of  light,  expressed  in  terms  of  aver- 
age daylight,  the  latter  obtained  in  the  way  to  be  described  below. 

It  was  at  first  hoped  to  express  the  results  in  terms  of  the 
average  daylight  obtained  by  Professor  E.  L.  Nichols  from  spec- 
trophotometer readings,  and  reported  in  the  May  number  of  the 
^'Transactions  of  the  Illuminating  Engineering  Society.''  It  was 
intended  either  to  reproduce  this  light  by  placing  a  color  screen 
before  a  source  in  terms  of  which  it  has  been  expressed ;  or  to 
calculate  from  color-mixture  curves  the  proper  openings  of  the 
three  slits  to  duplicate  average  daylight  when  using  some  chosen 
source.  Practical  difiicu'lties  arose  in  each  case,  but  the  attempt 
was  finally  given  up  for  another  reason.  This  reason  was  that 
Professor  Nichol's  average  daylight,  as  nearly  as  could  be  de- 
termined, is  much  yellower  than  any  daylight  observed  in  Wash- 
ington during  the  period  of  work,  and  is  indeed  considerably 
more  yellow  than  sunlight.  This  fact  was  first  noted  when  a 
fairly  close  niatch  for  Dr.  Nichol's  "average  daylight"  was  made 
by  allowing  the  light  from  an  acetylene  flame  to  pass  through 
two  pieces  of  American  Optical  Company's  blue  glass,  (Nos.  5 
and  i).  From  Dr.  Nichol's  data  the  ratio  of  ''average  day- 
light" to  acetylene  throughout  the  spectrum  was  obtained;  then 
with  the  aid  of  the  spectrophotometer  various  colored  glasses 
were  tried  until  the  above  were  chosen  as  approximating  closely 
to  the  desired  absorption.     Although  the  resultant  intensity  curve 
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deviates  somewhat  from  ''average  daylight,"  the  integral  effect 
on  the  eve  mnst  l)e  very  nearly  the  same.  This  light  compared 
in  a  photometer  with  various  kinds  of  daylight  wsls  always  too 
yellow.  This  observation  seems  to  be  corroborated  by  Miss 
Koettgen's  measurements  of  sunlight  in  terms  of  the  Hefner. 
From  her  values  it  appears  that  for  equality  in  the  red  (^=07/*), 
sunlight  has  about  seventy  times  as  much  blue  (^=0.42/*)  as  the 
Hefner;  according  to  Dr.  Nichol's  figures  ''daylight"  has  only 
twenty-five  times  as  much  blue,  yet  daylight  is  "always 
bluer  than  sunlight."  It  was,  therefore,  thought  best  (as  most 
convenient)  to  use  as  the  standard  the  average  daylight  during 
the  time  the  work  was  carried  on.  Whether  or  not  in  agreement 
with  true  average  daylight,  as  ultimately  determined  the  rela- 
tive values  of  the  other  sources  among  themselves  will  be  un- 
affected. 

The  "average  daylight"  of  the  table  is  obtained  from  fifteen 
sets  of  observations  made  during  an  interval  of  three  weeks; 
they  fall  naturally  into  three  groups ;  blue  sky,  partly  cloudy 
or  foggy  sky,  and  entirely  overcast  sky.  The  averages  of  these 
groups,  in  terms  of  the  comparison  source,  were 

Red  Green  Blue 

Blue  sky 7.9  25.8  100 

Cloudy 9.3  27.8  100 

Overcast 11.2  30.4  100 

Mean 9.5  28  100 

As  the  instrument  is  ordinarily  used  daylight  reads  100,  100, 
100,  and  it  was  thought  desirable  to  preserve  this  scale  in  the 
present  investigation.  The  above  means  were  therefore  multi- 
plied by  the  proper  factors  to  bring  them  each  to  100,  and  all 
readings  of  other  lights  were  multiplied  by  the  same  factors. 
To  facilitate  comparison  the  values  for  red  were  made  equal  for 
all  of  the  lights. 

In  the  table  the  sources  are  arrang^ed  roughly  in  the  order 
of  their  approximation  to  daylight;  sunlight  and  the  carbon 
arc  are  near  the  head  of  the  list,  the  Hefner  at  the  foot.  The 
figures  for  the  Moore  tube  were  obtained  indirectly  from  obser- 
vations made  in  the  New  York  Post  Ofifice  by  Mr.  F.  E.  Ives, 
with  a  glow  lamp  as  a  comparison  source.  The  helium  tube  is 
included  because  it  has  been  suggested  as  a  primary  standard. 
The  tungsten,   Nernst,  tantalum,  graphitized   filament  and  car- 
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bon  glow  lamps  were  run  at  their  normal  specific  consumption  as 
determined  by  measurement  of  each  lamp  for  mean  spherical 
candle-power,  current  and  voltage.  This  was  found  of  the  ut- 
most importance,  for  two  reasons :  first,  because  the  color  de- 
pends on  the  specific  consumption ;  secondly,  because  in  all  but 
one  case  the  manufacturers'  rated  voltages  were  far  enough 
wrong  to  place  the  lamps  in  a  different  order  from  the  correct 
one.  At  the  conclusion  of  the  measurement  the  five  lights  were 
compared  directly  with  each  other  for  color,  on  a  photometer 
bench,  and  their  relative  positions  in  the  list  were  found  to  be 
correct. 

The  red,  green  and  blue  readings  are  each  the  mean  of  from 
five  to  ten  observations,  and  should  be  accurate  to  about  one 
per  cent 

TABLE  I— Colorimeter  Readings  on  Various  Sources. 

Source                                                                                  Red  Green  Blue 

Average  daylight 100  100  100 

Blue  sky,  mean  of  five  sets 100  1 06  120 

Overcast  sky,  mean  of  four  sets 100  92  85 

Sunlight,  2  P.  M.,  August  19th 100  95  68 

Sunlight,  afternoon  observations,  2  to  5  P.  m 100  91  56 

Nichols'  average  daylight   (acetylene  flame  and  A.  O. 

Co.  blue  glasses  5  and  i ) 100  69  42 

Carbon  arc,  direct  current 100  64  39 

Mercury  vacuum  arc  (Cooper  Hewitt) 100  130  190 

Moore  carbon  dioxide  tube 100  120  520 

Welsbach  mantle,     }{.  per  cent,  cerium 100  81  28 

Welsbach  mantle,  i %  per  cent,  cerium 100  69  14.5 

(mantle  preferred  by  Welsbach  Co.  for 
residential  illumination) 

Welsbach  mantle,  I %■  per  cent,  cerium 100  63  12.3 

Tungsten  lamp,  1.57  watts  per  mean  spherical  c.  p 

Tungsten  lamp,  1.25  watts  per  mean  horizontal  c.  p.  ••    100  55  12.  i 

Nernst  glower,  bare,  118  volts,  .4  ampere 100  51.5  11. 3 

Acetylene  flame 100  50  10.4 

Tantalum  lamp,  2.5  watts  per  mean  spherical  c.  p. 

Tantalum  lamp,  2.0  watts  per  mean  horizontal  c.  p.  •  •  ■    100  49  8.3 

Graphitized  filament,  3.1  watts  per  mean  spherical  c.  p. 

Graphitized  filament,  2.5  watts  per  mean  horizontal  c.  p.   100  48  8.3 

Glow  lamp,  3.9  watts  per  mean  spherical  c.  p. 

Glow  lamp,  3.1  watts  per  mean  horizontal  c.  p 100  45  7.4 

Flaming  arc 100  36.5  9 

Helium  tube 100  37.0  9 

Gas  flame,  open  fish-tail  burner 100  40  5.8 

Moore  nitrogen  tube 100  28  6.6 

Hefner 100  35  3.8 
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Following  the  colorimeter  measurements  of  the  sources 
themselves,  a  brief  study  was  made  of  color  changes  under 
artificial  light.  It  is  known  that  the  color  of  a  surface  illumi- 
nated by  most  artificial  sources  differs  greatly  from  its  color  under 
daylight.  At  the  same  time  the  change  in  all  colors  is  approxi- 
mately the  same,  so  that  they  keep  their  relative  places  fairly 
closely.  This  fact  may  be  expressed  differently  by  saying  that 
the  change  in  color  of  a  white  surface  under  artificial  light 
is  a  fair  guide  to  the  change  in  color  of  a  colored  surface.  Ex- 
ceptions to  this  will  occur  to  everyone;  nevertheless,  unless  the 
source  of  light  is  quite  selective,  or  the  reflective  power  of  the 
surface  very  selective,  the  rule  hold^  good. 

It  was  thought  of  interest  to  measure  with  the  colorimeter  the 
change  of  color  of  colored  surfaces,  under  different  lights,  and 
then  to  see  how  closely  these  changes  followed  the  altered  read- 
ings for  a  white  surface  under  the  same  conditions.  The  results 
should  show  whether  the  colorimeter  readings  for  a  white  sur- 
face under  varied  illumination  give  a  good  indication  of  the 
readings  for  a  colored  surface  whose  readings  are  known  for 
daylight.  For  this  purpose  a  number  of  colored  cloths  and 
papers  were  selected  whose  dominant  hues  ranged  throughout 
the  spectrum ;  of  these,  several  were  chosen  because  they  showed 
great  changes  in  appearance  under  different  lights.  Mounted 
on  a  disc  together  with  a  white  surface  they  were  read  under 
daylight,  the  light  from  a  tungsten  lamp,  a  glow  lamp,  a  Wels- 
bach  and  a  Cooper-Hewitt  mercury  arc. 

As  was  to  be  expected  the  direct  readings  showed  great  differ- 
ences in  color  according  to  the  kind  of  illumination.  A  lavender 
silk,  for  instance,  read: 

Red  Green  Blue 

In  daylight 3  7.2  31,8 

Under  Welsbach 10.2  15.4  17.6 

Under  glow  lamp 20.2  20.9  16.2 

Under  mercury  arc 6.5  5.5  44. 

Making  the  readings  equal  in  the  red  to  fit  them  better  for 
comparison,  they  became : 

Red  Green  Blue 

Daylight 100  240  1060 

Welsbach icx)  151  173 

Glow  lamp 100  107  80 

Mercury  arc 100  845  676 
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A  large  portion  of  the  enormous  difference  is,  of  course,  due 
to  the  change  in  color  of  the  light ;  in  order  to  take  this  into 
account  the  following  procedure  was  adopted:  All  measure- 
ments were  reduced  to  the  basis  of  whiter  100,  100,  100;  that  is 
all  the  daylight  readings  were  multiplied  a.^  before  by  the  factors 
to  make  the  daylight  readings  on  white  100,  100,  icx),  and  simi- 
larly the  artificial  light  readings  were  multiplied  respectively  by 
the  factors  necessary  to  make  white  as  given  by  them  read  100, 
100,  100.  This  being  done,  it  follows  that  if  colored  objects  under 
different  lights  change  their  readings  in  the  same  proportion 
as  does  white,  their  readings  so  reduced  should  be  the  same  in  all 
cases.  The  method  of  reduction  will  perhaps  be  clearer  for  one 
illustration : 

R         G  V  R       G  V 

White     surface  in  daylight,    24.6   22.1    70.9;  under Welsbach     29.8   55      33 

Colored  surface  in  daylight,    20.4    14.5   34      under  Welsbach     24.6   34.2  15 

Making  white  =  100     100     100;  too     100    100 

Colored  surface  becomes: 

Red:=  ^^Xioo=82.9, etc.; 82.9  65.7   48.1;  82.5   62.8  44 

24.0 

In  the  following  table  the  results  are  given  for  seven  mis- 
cellaneous colors  under  five  sources. 

TABLE  II— Change  of  Coi^orimeter  Readings  with 
Various  Ii^t^uminants. 
Figures  are  reduced  to  the  basis  of  white  reading  100,  100,  100  for  each  light. 
Red  Blue  Buff  Pink 


Daylight..     37.0     5.9     7.6  11. o  15.8  35.1    82.965.748.1  77.348.061.9 

Tungsten  ..  41.9     6.7     6.4      8.6  12.0  36.7    83.     60.238.5  88.352.173.8 

Welsbach..  40.5     6.8    o  11. o  13.9  41. i    82.5  62.8  44.0  82,8  51.4  65.7 

Glow 44.4     7.7    o          9.7  12.7  43.6    83.362.842.2  92.761.474.0 

Mercury  arc  17.4     4-5     8.3  21.5  11. o  33.9    87.4  73.6  42.9  68.2  49.4  77.0 

TABLE  II— ( Continued) . 

Pine  wood  lyavender  Dull  green 


Daylight...  45.5  30.3  16.8  36.6  32.6  44.8  35.7  33.5  26.2 

Tung^n..  49.8  32.6  21.0  47.6  37.7  68.8  30.5  28.7  24.2 

Jfebach..  44-6  29.2  15.0  34.2  28.2  51.6  33.5  31.7  26.1 

pv 50.5  35.0  17.2  49-0  41.4  79-4  30.3  31-1  29.9 

cury...36.5  32.3  12.4  38.9  27.7  48.9  35.9  31.8  22.1 

It  will  be  observed  that,  in  place  of  the  extreme  differences 
obtained  in  the  direct  readings,  the  colors  reading  are  not  greatly 
different  under  different  lights.     In  other  words  the  colorimeter 
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readings  roughly  follow  the  change  of  illumination,  as  does  the 
eye. 

From  these  figures  the  best  light  of  the  five  for  matching 
colors  is  that  of  the  Welsbach,  while  that  of  the  Cooper-Hewitt, 
an  extremely  selective  source,  exhibits  wide  deviations 
That  the  latter  should  be  the  case  is  to  be  expected.  The 
radiation  from  the  mercury  arc  consists  of  a  few  bright  lines  in 
the  spectrum,  and  the  effect  on  a  white  surface  may  be  indistin- 
guishable to  the  eye  from  the  illumination  obtained  from  a  source 
with  a  continuous  spectrum.  A  colored  surface,  having  its  pre- 
dominant color  in  a  different  region  of  the  spectrum  from  the 
mercury  arc  will  not  reflect  its  light  but  will  reflect  the  light 
of  the  similarly  appearing  source  with  the  continuous  spectrum. 
It  will  appear  dark  under  one  source,  bright  under  the  other. 
Hence  in  the  case  of  a  selective  source  the  color  of  a  white  sur- 
face is  no  guide,  either  for  the  eye  or  for  the  colorimeter,  to  the 
effect  on  a  colored  surface. 

Needless  to  say,  the  result  of  a  set  of  measurements  like  the 
above  depends  to  some  extent  on  the  colors  chosen  to  be  illumi- 
nated. To  be  complete  the  investigation  should  deal  with  a  large 
range  of  colors  representative  of  those  found  under  average 
conditions.  The  examples  chosen  are  sufiicient,  however,  to  es- 
tablish that  the  colorimeter  readings  of  a  white  surface  under 
an  artificial  source,  are  an  indication  of  the  readings  of  colored 
surfaces,  provided  the  source  is  not  too  selective. 

The  result  of  the  work  thus  far  don-e  with  the  colorimeter 
as  applied  to  illuminating  engineering  ma\'  be  summarized  here: 
By  means  of  the  colorimeter  the  colors  of  all  types  of  sources 
may  be  described  in  terms  of  a  given  standard  such  as  daylight. 
The  figures  expressing  the  color  of  a  light  are  a  fair  indication 
of  the  change  in  the  color  of  objects  illuminated  by  it. 

The  question  may  be  raised  as  to  just  what  the  colorimeter 
readings  mean,  for  instance,  in  terms  of  the  spectrophotometer, 
or  of  the  primary  color  sensations.  Strictly  speaking,  all  that 
they  give  are  the  mixing  proportions  cf  three  special  color 
screens.  Measured  on  the  spectrophotometer  these  screens  are 
found  to  possess  transmissions  which  are  fair^ly  narrow  and 
well  separated,  whose  maxima  (taking  into  account  the  sensi- 
bility of  the  eye)  fall  at  Red  =^  0,635/x,  green  =  o  sss/a,  blue  = 
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0455^»  oi*  very  closely  at  the  wave  leng|-hs  Maxwell  chose  for  his 
primaries.  As  these  color  screens  are  probably  the  best  available 
for  the  purpose,  and  as  the  instrument  is  expected  to  come  into 
general  use  for  the  measurement  of  color,  the  colorimeter  read- 
ings will  constitute  of  themselves  a  sufficiently  definite  standard 
for  many  purposes.  It  is  desirable  however,  to  be  able  to  reduce 
the  readings  to  some  fundamental  standard.  With  this  object  in 
view  the  writer  is  now  engaged  in  finding  the  values  of  the 
screens  in  terms  of  the  three  primary  color  sensations.  When 
this  has  been  completed  it  will  be  posssible  to  reduce  colorimeter 
readings  directly  to  color  sensations,  or,  given  the  spectropho- 
tometer readings  of  a  color,  to  obtain  from  color  sensation  curves 
the  colorimeter  readings. 


DISCUSSION. 

Mr.  D.  McFarlan  Moore : — The  Ives  colorimeter  with  its  wheel 
of  lenses  can  be  made  a  very  valuable  instrument  to  the  illuminat- 
ing engineer.  However,  the  list  of  light  sources,  combined  with 
certain  statements  in  the  paper,  is  extremely  misleading.  The 
carbon  dioxide  tube  should  have  been  first  in  the  list  of  approxi- 
mation to  daylight.  From  the  statement:  "In  the  table  the 
sources  are  arranged  roughly  in  the  order  of  their  approximation 
to  daylight"  and  the  subsequent  statement :  "The  figures  ex- 
pressing the  color  of  a  light  are  a  fair  indication  of  the  change  in 
the  color  of  objects  illuminated  by  it,"  I  draw  the  conclusion 
that,  according  to  the  paper,  the  mercury  arc  would  be  preferable 
to  a  carbon  dioxide  tube  over  a  ribbon  counter  in  a  dry  goods 
store — a  conclusion  which  we  all  know  to  be  ridiculous. 

For  several  years  the  caibon  dioxide  tube  has  proved  its 
superiority  over  the  arc  lamp.  As  a  substitute  for  natural  light, 
it  is  second  to  none,  and  it  is  far  superior  to  all  others.  I  do 
not  claim  to  have  discovered  this  fact,  for  it  has  been  known  and 
well  authenticated  for  many  years.  In  fact,  it  had  its  origin  in 
almost  the  beginning  of  our  science.  It  was  known  to 
Geissler  and  Plucker  and  Crookes,  Kelvin,  Norrie,  Birchmore, 
Perry,  Anthony  and  many  others.  Recent  spectroscopic  tests 
have  been  made  on  the  carbon  dioxide  tube,  notably  those  of 
Prof.  Fleming,  in  England,  and  the  experts  of  the  General  Elec- 
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trie  Company,  in  America,  who  found  that  the  spectrum  of  car- 
bon dioxide,  when  passing  an  electric  current,  differed  very 
sHghtly  from  average  diffused  dayHght.  Probably  the  most  ac- 
curate and  exhaustive  tests  of  this  kind  were  made  by  the  experts 
of  the  Siemens-Schuckert  Company  in  Germany.  These  tests 
were  carried  out  by  Prof.  Utzinger.  He  also  used  colored  screens 
in  a  manner  very  much  similar  to  those  used  in  the  Ives  colorime- 
ter, except  that  he  did  not  use  the  revolving  wheel  of  lenses.  How- 
ever, the  figures  obtained  by  Prof.  Utzinger  differed  very  widely 
indeed  from  those  stated  in  the  paper.  He  obtained  T03  for  the 
green,  not  120,  and  104  for  the  red,  not  520.  He  made  the  state- 
ment that  the  carbon  dioxide  tube  aid  not  differ  from  average 
daylight  by  more  than  three  per  cent,  on  a  cloudless  day,  and 
not  400  or  500  per  cent.,  as  one  would  be  justified  in  deducing 
from  the  statements  given  in  the  paper.  He  also  plotted  a  curve 
showing  the  character  of  what  he  considered  average  daylight 
illumination,  and  also  a  curve  for  the  carbon  dioxide  tube.  These 
two  curves  on  certain  days,  under  certain  conditions,  are  almost 
identical,  though  generally  the  carbon  dioxide  curve  was  slightly 
higher  at  the  blue  end  of  the  spectrum,  while  at  the  red  end  of  the 
spectrum  it  was  slightly  lower.  The  two  curves  crossed  midway 
between  the  yellow  and  the  green.  Perhaps  the  errors  in  the  paper 
were  clerical.  It  is  stated  that  the  values  were  obtained  indirectly, 
and  that  the  figures  for  the  moore  tube  were  obtained  "indirectly 
with  a  glow  lamp  as  a  comparison  source."  There  was  no  glow 
lamp  used  as  a  comparison  source  in  the  measurements  made  in 
the  carbon  dioxide  tube  in  the  New  York  Post  Office.  The 
comparison  source  used  was  a  hand-adjusted  arc  lamp,  the  light  of 
which  was  very  variable. 

Aside  from  this,  statements  made  at  the  time  of  the  tests  by 
Mr.  Ives  were  to  the  effect  that  the  carbon  dioxide  tube  was 
superior  to  the  arc  lamp  as  a  source  of  light  that  approximated 
daylight.  B:.t  aside  from  all  the  technical  data  and  figures  given 
above,  the  com.mercial  tests  on  the  carbon  dioxide  tube  during  the 
past  several  years  amply  proves  that  is  is  far  ahead  of  any  other 
source  of  light  for  such  purposes.  An  ordinary  arc  lamp  over  a 
ribbon  counter  has  been  proven  many  times  to  be  inadequate  for 
matching  silks  and  ribbons. 
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I  mention  the  above  as  evidence  to  prove  that  the  conclusion 
which  may  be  drawn  from  the  paper,  namely  the  carbon  dioxide 
tube  should  be  third  on  the  list,  is  an  error.  It  should  be  first  on 
the  list.  There  is  no  place  where  it  is  more  important  to  match 
colors  than  in  the  silk  industry,  and  it  has  been  found  that  the 
carbon  dioxide  tube  is  in  some  respects  superior  to  daylight  in 
this  business. 

The  carbon  dioxide  tube  should  be  seriously  considered  by 
this  Society  as  a  standard  of  light,  not  only  so  far  as  intensity  and 
reproductibility  is  concerned,  but  also  as  regards  color  values. 
All  other  forms  of  light  should  be  expressed  in  terms  of  that  of 
the  carbon  dioxide  tube.  A  few  years  ago  such  a  statement  would 
have  been  met  with  the  objection  that  the  light  of  the  tube  was  too 
white,  but  the  recent  developments  of  all  forms  of  light  show  a 
tendency  to  approach  a  pure  white  light.  The  tungsten  lamp 
gives  a  great  deal  whiter  light  than  does  the  carbon  lamp. 

Dr.  B.  P.  Hyde : — There  is  one  point  to  which  Mr.  Moore  ha? 
just  referred  on  which  I  think  I  can  throw  a  little  light.  I 
believe  that  Mr.  Moore  did  not  entirely  understand  the  use  that 
was  made  of  the  carbon-filament  lamp  in  the  test  at  the  New  York 
Post  Ofiice.  I  was  present  at  the  time,  and  in  fact  the  tests  there 
were  made  under  my  direction,  and  I  feel  it  encumbent  on  me  to 
explain,  in  answer  to  Mr.  Moore,  the  circumstances  under  which 
the  test  was  made. 

The  carbon-filament  lamp  was  used  as  a  comparison  source, 
but  not  in  just  the  way  that  Mr.  Moore  understands  it  to  have 
been  used.  I  believe,  and  I  think  most  of  us  believe,  that  the  best 
way  to  make  a  measurement  is  by  the  use  of  the  substitution 
method.  The  way  the  measurements  were  made  in  the  New  York 
Post  Office  was  as  follows :  The  three  colored  slits  were  illumi- 
nated with  light  from  an  arc  lamp,  the  crater  of  an  arc  lamp, 
and  the  other  slit,  the  white  slit,  was  illuminated  first  by  light 
from  the  carbon  dioxide  tube,  then  by  light  from  the  nitrogen 
tube  and  finally  by  light  from  an  incandscent  lamp.  Since  even 
the  light  from  an  arc  lamp  is  not  of  a  definite  quality,  and  we  did 
not  want  to  depend  upon  the  assumption  that  the  light  from  all 
arc  lamps  is  the  same,  and  since  we  could  not  well  carry  the  arc 
lamp  to  Washington  under  the  conditions  under  which  it  was  used 
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in  New  York,  we  used  as  a  comparison  source  an  incandescent 
lamp  at  a  definite  voltage.  Subsequently  this  lamp  was  taken  to 
Washington  where  Dr.  Ives  made  measurements  on  it  at  the  vol- 
tage at  which  it  had  been  used,  and  under  conditions  approaching 
as  exactly  as  possible  those  under  which  the  tests  in  New  York 
had  been  made.  I  think  Dr.  Ives  would  have  said,  if  he  had 
replied  to  the  criticism,  that  he  should  not  like  to  insist  on  the 
values  as  being  quite  as  accurate  when  he  uses  the  incandescent 
lamp,  as  they  would  have  been  if  he  had  used  some  source  more 
nearly  like  the  Moore  tube,  because  of  the  small  amount  of  blue 
in  the  light  from  the  incandescent  lamp.  At  the  same  time,  I  be- 
lieve that  the  figures  given  by  Dr.  Ives  are  not  very  far  from 
correct. 

I  should  like  to  answer  Mr.  Moore  on  another  point  to  which 
he  referred  in  the  beginning  of  his  discussion.  He  called  at- 
tention to  the  statement  that  the  values  give  a  fair  indication  of 
the  color  of  the  source,  and  of  the  color  which  objects  will  assume 
under  the  source,  but  he  did  not  read  far  enough.  In  the  very 
next  sentence  Dr.  Ives  says :  ''Exceptions  to  this  will  occur  to 
every  one;  nevertheless,  unless  the  source  of  light  is  quite  selec- 
tive, or  the  reflective  power  of  the  surface  very  selective,  the  rule 
holds  good."  Now  it  is  known  that  the  mercury-vapor  tube 
comes  under  this  category,  and  consequently,  as  Dr.  Ives  stated 
in  the  paper,  the  Ives  colorimeter  cannot  be  used  to  give  any  in- 
dication of  what  color  objects  would  assume  under  the  mercury- 
vapor  tube  or  under  the  light  of  any  other  source  that  is  distinc- 
tively selective,  and  that  is  one  fact  that  must  be  recognized  in 
using  the  Ives  colorimeter  in  illuminating  engineering. 

There  is  a  field  for  the  Ives  colorimeter.  Any  one  who  visited 
the  exhibition  in  the  adjoining  room,  and  has  viewed  the  motley 
array  of  efifects  produced  when  different  illuminants  illuminate 
the  same  fabric,  must  have  been  convinced  that  there  are  other 
elements  in  illumination  than  mere  quantitative  efficiency,  and  one 
of  these  elements  is  the  color  of  the  light  and  the  color  of  the  ob- 
jects illuminated  by  the  light. 

As  Dr.  Ives  stated,  the  only  method  at  our  disposal  heretofore 
has  been  the  spectro-photometric  method ;  not  only  is  this  method 
cumbersome  and  inconvenient,  but  with  the  measurements  made 
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on  the  spectro-photometer  it  is  difficult  to  get  any  interpretation 
which  will  be  of  practical  benefit,  because  the  interpretation  in- 
volves a  computation  from  the  data  given  by  the  sensation  curves, 
and  this  computation  is  difficult  for  any  one  to  make,  and  certain- 
ly would  not  be  adapted  to  commercial  usage.  In  the  Ives  colori- 
meter there  is  available  an  instrument  for  giving  a  fairly  reliable 
value  to  the  color  of  light. 

I  think  that  the  general  conclusions  from  Dr.  Ives'  paper  are 
these — first,  that  the  Ives  colorimeter  gives  a  very  good  indication 
of  the  integral  color,  that  is  the  color  of  a  white  surface  illumi- 
nated by  the  source ;  and  secondly,  that  unless  the  source  is  very 
selective  in  its  emission,  that  is,  radiates  only  in  particular  lines 
that  are  rather  sparsely  located  in  the  spectrum,  and  unless  the 
surfaces  which  are  illuminated  are  quite  selective,  which  is  not 
the  case  in  most  surfaces  with  which  we  have  to  deal,  the  Ives 
colorimeter  gives  not  only  a  good  value  for  the  integral  light,  but 
also  a  good  indication  of  what  we  can  expect  surfaces  to  look 
like  under  the  various  artificial  lamps,so  that  the  Ives  colorimeter, 
while  not  telling  everything  one  wishes  to  know,  and  while 
having  to  be  used  With  caution,  is  certainly  a  valuable  adjunct 
to  the  various  instruments  at  present  available  in  illuminating 
engineering. 

Mr.  /.  B.  Woodwell: — It  is  possible  that  one  practical  point 
about  this  test  has  been  overlooked,  and  I  venture  to  make  a  re- 
mark upon  it,' in  the  hope  that  it  may  aid  in  clearing  up  the  ap- 
parent difference  of  opinion  expressed  by  several  of  the  parties 
who  have  discussed  this  paper  so  far. 

I  was  present  at  the  time  the  tests  were  made,  and  know  that 
the  arrangements  for  the  colorimeter  measurements  were  per- 
fected at  the  last  moment,  under  conditions  which  were  not  alto- 
gether favorable.  Previous  to  this  test  all  of  the  tubes  in  the 
Post  Office  had  been  running  as  nitrogen  tubes,  and  I  believe  I 
am  stating  the  case  correctly,  that  one  of  the  nitrogen  tubes  was 
changed  to  a  carbon  dioxide  tube,  with  a  resulting  composite 
gas,  so  that  the  result  may  have  been  different  from  what 
would  have  been  secured  if  use  had  been  made  of  an  exclusively 
carbon  dioxide  tube  which  had  been  running  for  sufficient  time, 
to  become  constant  in  its  performance. 
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The  figures  in  Dr.  Ives'  paper  are  stated  in  terms  of  red  as  100. 
Now,  if  the  red  had  been  increased  very  sHghtly,  the  effect  might 
have  been  considerable  on  the  other  tvi^o  values.  I  am  in  hopes 
that  this  explanation  will  clear  up  some  of  the  misunderstand- 
ing. 

Mr.  Frederick  Ives: — I  am  not  a  member  of  the  Society,  but 
having  made  the  tests  referred  to  I  should  like  to  say  a  few  words. 
It  seems  to  me  that  the  light  of  the  carbon  dioxide  tube  comes 
nearer  to  daylight  than  that  of  any  of  the  other  artificial  illumi- 
nants  used  in  our  tests.  My  impression  of  the  carbon  dioxide 
tube  was  that  because  of  its  steadiness  and  because  the  light 
was  rich  in  blue,  it  was  the  most  satisfactory  source  of  artificial 
illumination  for  the  comparison  of  colors  of  anything  I  had  seen, 
but  my  impression  was  that  it  represented  the  color  of  a  moderatly 
blue  sky.  When  I  made'  the  actual  tests,  I  matched  up  the  two 
fields  of  the  instrument  on  the  electric  arc  lamp  and  put  the  light 
of  the  carbon  dioxide  tube  over  the  clear  slot,  and  the  compari- 
son of  the  two  fields  showed  that  the  light  of  the  tube  was  very 
much  bluer  than  that  of  the  arc  lamp,  so  as  to  make  the  light  of 
the  electric  arc  lamp  appear  by  comparison  distinctly  yellow. 

President  Bell: — It  does  not  necessarily  follow  that  for  all 
colors  the  same  light  will  produce  uniform  results  in  the  match- 
ing of  colors.  For  example,  certain  lines  of  goods,  running  to 
certain  shades,  such  as  the  goods  one  finds  displayed  in  the  tailor's 
shop,  and  the  goods  at  the  ribbon  counter  show  up  best  under  two 
dfferent  kinds  of  light.  I  think  that  everybody  who  has  had 
experience  with  actual  color  matching  will  recognize  this  fact, 
which  should  be  borne  in  mind  whenever  the  concrete  effects 
of  light  are  to  be  considered. 

Mr.  D.  FcFarlan  Moore : — I  do  not  wish  to  be  understood  as 
making  any  criticism  of  the  Ives  instrument.  The  fact  is,  T  think 
it  will  be  a  very  useful  instrument  for  the  engineering  profession, 
but  I  still  think  that  the  discussion  which  we  have  had  clearly 
indicates  that  there  has  been  some  large  error. 

The  quantity  of  blue  that  appears  in  a  carbon  dioxide  tube 
depends  on  the  kind  of  average  daylight  with  which  it  is  com- 
pared.    For  example  there  is  a  wide  difference  between  the  aver- 
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age  daylight  assumed  by  the  author  and  the  average  dayhght  of 
Dr.   Nichols. 

One  object  of  this  Society  is  to  change  our  art  into  a  science  as 
soon  as  possible,  and  the  way  to  reduce  anything  to  a  science 
is  to  reduce  the  number  of  variables.  This  paper,  in  arriving 
at  average  daylight,  has  used  three  variables,  blue  sky,  cloudy 
sky,  and  overcast  sky.  All  scientific  societies  should  agree  on  the 
cloudless  sky.  This  has  been  done  in  a  number  of  industrial 
plants,  like  silk  factories ;  moreover  the  German  practice  has  a 
tendency  in  that  direction.  The  light  from  the  carbon  dioxide 
tube  matches  that  of  the  average  cloudless  sky,  and  therefore 
since  the  tubes  spectrum  is  constant  and  that  of  the  cloudless 
sky  is  not,  the  light  of  the  tube  should  be  accepted  as  the  stand- 
ard for  color  values. 

President  Bell: — I  agree  with  Mr.  Moore  that  some  convention 
regarding  what  is  called  secondary  white  is  highly  necessary. 
The  figures  given  in  this  paper  show  how  difficult  it  is  to  settle 
finally  on  it,  and  I  hope  they  will  lead  to  further  industry  on  the 
part  of  Dr.  Ives  in  the  matter  of  straightening  out  the  somewhat 
tangled  question. 

Mr.  B.  L.  Elliott: — The  object  of  the  colorimeter,  as  I  under- 
stand it,  is  to  provide  a  practical  means  of  analyzing  color  effects 
as  a  substitute  for  the  highly  technical  method  of  spectroscopic 
analysis.  I  have  always  had  the  highest  admiration  for  the  re- 
searches of  Mr.  F.  E.  Ives  in  the  domain  of  color.  His  work  in 
this  field  has  never  received  anything  like  the  credit  justly  due 
to  it.  While  I  have  not  had  the  opportunity  of  examining 
the  colorimeter,  I  confidently  expected  to  find  it  a  thor- 
oughly reliable  and  practical  device.  I  can  hardly  be  persuaded 
that  the  figures  given  for  the  carbon  dioxide  tube  are  not  purely 
a  clerical  or  other  similar  error.  It  is  difficult  to  imagine  any  two 
light-sources  which  differ  wider  in  their  color  values  than  the 
mercury-vapor  lamp  and  the  carbon  dioxide  tube ;  if  the  colori- 
meter in  actual  use  gives  readings  indicating  that  the  mercury- 
vapor  lamp  has  a  whiter  light  than  the  carbon  dioxide  tube  it 
certainly  possesses  some  inherent  weakness  which  would  totally 
discredit  the  results  obtained.  I  am  anxious  to  hear  of  further 
trials  of  the  instrument  in  this  regard. 
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Dr.  B.  P.  Hyde : — I  can  give  Mr.  Elliott  a  practical  answer  to 
his  practical  objection.  During  the  time  of  the  test,  Mr.  Wood- 
well,  and  I  think  there  was  some  one  else,  and  myself,  stood  in 
the  room  and  had  in  perspective  the  carbon  dioxide  tube  and 
the  mercury-vapor  tube.  At  that  time  the  figures  which  are 
given  in  Dr.  Ives'  paper  had  not  been  worked  out,  so  that  we 
did  not  know  where  the  sources  stood  as  to  the  colorimeter 
values.  The  consensus  of  opinion,  was  that  of  the  two  sources 
the  carbon  dioxide  tube  was  slightly  bluer,  and  the  mercury- 
vapor  tube  was  slightly  greener. 

Mr.  J.  B.  Klimipp : — Cannot  the  colorimeter  be  used  to  deter- 
mine the  color  sensation  of  the  eye?  For  instance,  if  a  man  is 
color-blind,  and  matched  colors  through  a  colorimeter,  would 
this  instrument  determine  the  deficiency  in  this  vision,  and  meas- 
ure the  degree  of  his  color-blindness  in  percentages  of  the  three 
primary  color? 

Dr.  Herbert  B.  Ives : — A  number  of  the  objections  raised  by  the 
first  speaker,  Mr.  Moore,  have  been  so  fully  answered  by  other 
speakers  that  it  is  needless  to  repeat  them. 

I  shall  take  up  several  points,  the  last  one  first.  As  to  color- 
blindness, the  colorimeter  is  a  practical  form  of  the  instruments 
that  have  been  used  in  measuring  color  sensations.  Our  whole 
knowledge  of  color  sensations  and  color  vision,  comes  from 
measurements  made  with  instruments  of  this  sort.  Furthermore 
the  colorimeter  as  it  stands  is  probably  one  of  the  most  sensitive 
detectors  of  color-blindness  in  existence.  A  red-color-blind  per- 
son will  take  a  different  amount  of  the  light  through  the  red  glass 
to  match  the  white  on  the  other  side  than  will  a  person  with  nor- 
mal vision,  and  allowance  is  made  for  this  fact  in  the  construc- 
tion of  the  colorimeter.  As  long  as  this  difference  in  the  eye- 
sight of  different  observers  is  not  great,  it  can  be  allowed  for  in 
the  adjustment  of  the  instrument. 

There  seems  to  be  a  great  deal  of  difference  of  opinion  con- 
cerning the  carbon  dioxide  tube,  and  concordance  of  opinion 
among  different  observers.  I  have  just  two  remarks  to  make. 
One  can  get  no  idea  of  the  relative  values  of  two  different  colors 
unless  he  compares  one  with  the  other.  He  can  go  into  a 
brilliantly  lighted  room  and  get  an  impression  of  the  color  of  the 
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light.  If  he  goes  away  for  an  hour,  and  then  come  into  another 
room  equally  brilliantly  lighted  by  a  different  source  of  light, 
he  would  say  they  are  precisely  alike.  Put  the  two  lamps  to- 
gether, and  the  difference  will  be  such  as  to  startle  one. 

What  the  colorimeter  does  is  to  give  the  mixing  proportions  of 
the  three  primary  colors.  To  reason  from  spectro-photometer 
values,  to  colorimeter  values,  involves  intermediate  work  with 
the  color  sensation  curves,  and  I  think  that  some  of  the  discrep- 
ancies may  be  traced  to  that  fact.  As  I  said  in  the  paper,  and 
as  has  been  brought  out  here,  the  values  for  the  carbon  dioxide 
tube  were  determined  indirectly,  and  not  in  the  same  series  as  the 
others,  and  I  am  well  aware  that  there  may  be  certain  errors  of 
proportion ;  the  blue  may  not  be  500,  but  480,  or  something  of  that 
kind.  However,  the  fact  is  that  the  light  from  the  tube  is  bluer 
than  that  of  the  mercury  arc. 

All  of  the  readings  in  the  paper  reduced  to  the  basis 
of  average  daylight.  Mr.  Moore  says  that  a  cloudless  sky 
should  be  taken  as  our  standard.  I  have  read  Prof.  Nichols' 
paper,  which  was  presented  before  this  Society  last  winter,  and 
in  the  first  table  he  gives  different  values  for  the  relationship  of 
skylight  to  sunlight,  sunlight  being  taken  as  a  standard,  and  the 
ratio  of  blue  to  red  varies  as  much  as  5  to  i,  indicating  that  the 
blue  sky  is  not  a  definite  standard.  Prof.  Nichols  attempted 
to  get  an  average  for  daylight,  and  his  idea  was  to  use  light  from 
a  cloudy  sky,  a  clear  sky,  and  various  other  kinds  of  daylight.  I 
attempted  to  do  the  same  thing,  and  therefore  employed  the  mean 
of  the  daylight  I  could  meassure  in  the  time  during  which  the  ex- 
periments were  being  made. 

Mr.  Frederick  B.  Ives: — (Communicated  after  adjournment). 
Inasmuch  as  the  discussion  of  Dr.  Ives'  paper  centered  around  the 
value  given  for  the  light  from  the  Moore  carbon  dioxide  tube, 
the  only  measurement  for  which  the  author  of  the  paper  is  not 
personally  responsible,  it  is  incumbent  upon  me  to  explain  the 
condition  under  which  the  light  was  originally  measured  at  the 
New  York  Post  Office,  and  to  report  upon  a  new  measurement 
subsequently  made  under  more  favorable  conditions;  the  later 
results  being  more  in  accordance  with  opinions  expressed  in 
the  discussions. 
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The  original  measurements,  which  were  three  times  "tran- 
scribed," made  the  Hght  of  the  Moore  tube  appear  about  five 
times  as  blue  (relatively  to  the  red)  as  average  daylight.  How- 
ever accurate  the  original  measurements  in  terms  of  the  light 
of  an  electric  arc  lamp  may  have  been,  the  fact  that  the  lamp 
operated  very  badly  and  that  the  light  was  extraordinarily 
changeable  in  hue  and  intensity  both  then  and  when  afterwards 
compared  with  the  light  of  an  incandescent  lamp,  made  it  possible 
and  even  probable  that  by  the  light  of  the  arc  lamp  being  yellow 
when  the  Moore  tube  was  photometered  and  violet  when  the  in- 
candescent lamp  was  photometered  a  large  error  might  have 
been  introduced.  There  also  existed  the  disturbing  effect  of 
stroboscopic  phenomena,  and  although  the  Moore  tube  lamp  was 
observed  directly  the  light  of  the  arc  lamp  was  reflected  upon 
opal  glass,  and  an  opal  glass  was  interposed  between  the  incan- 
descent lamp  and  the  colorimeter.  I  was  not  satisfied  with  the 
conditions  at  the  time  but  nothing  better  could  then  be  provided, 
and  I  did  not  suppose  that  great  errors  would  be  introduced. 

Since  the  meeting  in  Philadelphia  I  have  had  an  opportunity 
to  measure  the  light  from  the  Moore  carbon  dioxide  tube  in  com- 
parison with  blue  sky  at  zenith  on  a  remarkably  clear  day  and 
also  with  sunlight  reflected  from  a  dense  opal  glass  upon  the 
same  day.  As  neither  of  the  lights  used  in  comparison  is  a  defi- 
nite standard  the  figures  given  have  only  an  approximate  value 
but  they  have  the  merit  of  being  obtained  by  direct  comparison. 
Suffice  it  to  say,  the  light  of  the  Moore  tube  was  somewhat  less 
blue  than  that  of  the  sky  at  zenith,  and  twice  as  blue  (red  lOO, 
blue  200)  as  sunlight  reflected  from  the  opal  glass,  therefore 
agreeing  with  my  own  estimate  from  direct  observation  that  the 
light  of  the  Moore  tube  has  a  hue  coresponding  to  a  moderately 
blue  sky.  I  would  not  venture  to  give  more  definite  figures  with- 
out an  opportunity  to  compare  the  light  directly  with  a  fixed 
standard  not  to  far  removed  from  the  hue  of  average  daylight. 

With  respect  to  the  question  of  the  relative  blueness  of  the 
light  of  the  mercury-vapor  lamp  and  that  of  the  Moore  carbon 
dioxide  tube,  I  may  say  that  one  tends  toward  "peacock"  blue 
and  the  other  toward  "fundamental-sensation"  blue.  Peacock 
blue  is  fundamental-sensation  blue  plus  fundamental-sensation 
green,  but  it  is  often  described  as  "blue." 


CALCULATING     AND    COMPARING    LIGHTS    FROM 

VARIOUS  SOURCES.^ 


BY    CARL    HERING. 


Our  present  system  of  measures  and  units,  in  terms  of  which 
Hght  and  its  various  numerical  properties  as  an  illuminant  are 
expressed  and  measured,  are  apparently  not  as  clearly  under- 
stood as  they  should  be,  and  the  various  terms  and  expressions 
involved,  such  as  intensity,  flux,  quantity,  illumination,  density, 
etc.,  are  often  used  with  different  meanings  by  different  writers. 
Moreover  some  of  the  units  or  measures  used  do  not  seem  to  be 
clearly  understood  or  defined,  and  it  is  believed  by  the  writer  that 
the  real  physical  meanings  of  some  of  these  quantities  are  not 
generally  clearly  understood.  All  of  this  creates  a  sort  of  mistiness 
concerning  many  of  the  calculations  involving  light  in  its  various 
phases,  which  no  doubt  often  deters  one  from  making  useful 
calculations  that  would  be  quite  simple  if  one  was  sure  of 
being  correct.  Physicists  do  valuable  work  for  the  engineer 
in  discovering  the  laws  of  nature  for  him,  but  unfortunately  they 
generally  do  not  state  them  in  such  concise  terms  that  the  laws 
discovered  by  them  can  be  used  d^'rectly  by  the  engineer  in  his 
numerical  calculations. 

The  present  paper  is  an  attempt  to  clarify  the  apparent  misti- 
ness surrounding  many  of  the  calculations  of  light,  by  giving 
the  formulas  in  such  a  form  that  they  can  be  directly  used  for 
numerical  calculations,  and  to  explain  in  plain  terms  some  of  the 
less  usual  but  often  very  useful  and  perhaps  not  generally  under- 
stood laws ;  it  is  also  an  attempt  to  show  what  the  real  physical 
meaning  is  of  the  various  quantities  involved  so  that  they  may  be 
used  more  intelligently,  as  their  names  sometimes  mislead.  It 
will  then  be  shown  by  practical  numerical  examples  how  these 
various  laws  and  formulas  may  be  used  for  calculating  and  com- 
paring lights  from  entirely  different  kinds  of  sources. 

The  well  known  law  of  the  inverse  square  of  the  distance  is 
well  understood  by  all  illuminating  engineers  and  is  no  doubt 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908. 
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generally  correctly  used,  but  there  are  other  laws,  notably  those 
concerning  the  light  from  surfaces,  and  those  concerning  the 
quantity  of  flux  of  light,  which  seem  not  to  be  generally  and 
clearly  understood,  although  they  are  often  very  useful  and  not 
at  all  difficult  to  understand.  No  attempts  will  be  made  to 
discuss  the  proofs  of  these  laws,  as  the  chief  object  of  this 
paper  is  to  show  how  calculations  may  be  made  in  practice, 
hence  their  correctness  will  be  assumed  here  by  the  writer.  It 
is  believed  by  thus  reducing  the  formulas  and  laws  to  a  simple 
form,  based  on  a  well  defined  system  of  units,  many  illuminat- 
ing engineers  who  may  not  have  had  sufficient  confidence  to 
make  many  of  these  calculations,  need  no  longer  hesitate  to  do 
so. 

Taking  up  first  the  three  more  important  measures  and  their 
units,  they  are : 

Flux,  or  radiation :  common  unit,  i  spherical  candle ;  official 
unit,  I  lumen. 

Intensity;  common  unit,   i  candle ;  official  unit,   i   hefner. 

Illumination ;  common  unit,  one  foot-candle ;  official  unit,  one 
lux. 

Flux  represents  the  quantity  of  light  radiation  and  is  a  very 
important  quantity  in  the  calculations  of  light ;  it  was  formerly 
but  little  used,  but  is  gradually  coming  into  more  extended  use, 
as  it  should,  because  it  will  greatly  assist  the  illuminating  engi- 
neer in  his  calculations.  Flux  of  light  is  quite  analogous  to 
flux  of  magnetism  or  to  flux  or  flow  of  electricity,  more  gen- 
erally called  a  current  of  electricity.  It  can  be  shown  that  this 
measure  is  physically  the  same  thing  as  power,  that  is,  as  Watts 
or  horse-powers,  and  can  be  converted  into  them  just  as  inches 
and  feet  are  physically  the  same  kind  of  quantities  and  can  be 
converted  into  each  other ;  hence  flux  could  be  measured  in  watts, 
but  at  present  it  is  more  convenient  and  perhaps  less  confusing 
to  measure  it  in  a  specifically  named  unit  of  light.  The  unit 
which  has  been  used  in  practice,  although  not  generally  under 
the  name  of  flux,  is  the  spherical  candle ;  another  unit,  differing 
only  in  its  numerical  value,  is  the  lumen ;  as  the  latter  does 
not  involve  the  unfortunate  name  "candle"  and  for  some  calcula- 
tions has  a  more  convenient  numerical  value,  it  is  less  confus- 
ing and  is  often  more  simple  to  use  than  the  spherical  candle. 
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It  is,  therefore,  desirable  to  introduce  this  less  known  unit  more 
generally.  In  what  follows,  the  formulas  will  generally  be 
given  in  terms  of  both  of  these  units  so  that  either  may  be  used; 
they  of  course  must  always  lead  to  the  same  result. 

Although  not  usually  so  considered,  flux  of  light  is  that  which 
is  bought,  sold  and  used,^  and,  therefore,  is  one  of  the  most  im- 
portant and  useful  measures  of  light  and  should  be  more  fre- 
quently used.  A  statement  of  the  amount  of  flux  alone,  without 
any  further  specifications,  is,  however,  not  sufficient  for  indus- 
trial purposes;  what  enables  one  to  see  is  not  the  amount  of  flux, 
but  its  density,  hence  it  is  necessary  to  specify  the  density  also,  or 
else  the  flux  may  be  useless  for  the  specific  purpose,  because  if 
this  density  is  not  sufficient  to  see  by,  the  flux  is  of  no  use  no 
matter  how  large  its  quantity  may  be;  in  the  same  way,  watt- 
hours  of  electrical  energy  are  not  a  saleable  product  unless 
the  voltage  is  also  specified,  or  a  quantity  of  steam  unless  the 
pressure  is  also  stated.  Hence  the  two  important  quantities 
in  the  sale,  purchase  and  use  of  light,  for  most  industrial  pur- 
poses, are  flux  and  flux  density,  the  latter  being  represented, 
as  will  be  described,  either  in  candle  power  units  or  in  illumina- 
tion units  (foot-candles). 

Intensity  is  what  might  be  popularly  termed  the  brightness  of 
the  light,  and  is  usually  measured  in  this  country  in  candle- 
powers.  This  is  the  measure  with  which  illuminating  engineers 
are  most  familiar,  hence  it  needs  no  further  description.  It  does  not 
express  or  measure  any  particular  quantity  of  light  flux,  illumi- 
nation, angle  of  beam,  etc.,  but  merely  an  intensity  and  nothing 
more.  The  real  physical  meaning  of  candle-power  is  that  it  is 
a  flux  density  expressed  in  terms  of  a  solid  angle,  like  that  of 
a  conical  beam  from  a  projector  for  instance;  in  fact  it  ex- 
presses the  amount  of  flux  per  unit  angle  of  the  beam.  It  is  often 
convenient  to  express  the  flux  density  in  terms  of  this  angle, 
and  this  is  what  candle-power  really  represents.  Flux 
density  may  also  be  expressed  in  another  way,  as  will 
be  shown  below;  sometimes  the  one  and  sometimes  the 
other  is  the  more  convenient.  If  intensity  expressed 
in  candle-powers  is  understood  really  to  represent  a 
flux  density  under  the  name  of  candle-power,  it  may  sometimes 

1  Or  more  specifically,  flux  x  time,  that  is,  lumen-hours,  or  spherical  candle  hours. 
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assist  in  more  clearly  understanding  problems  occurring  in  prac- 
tice. 

It  should  be  remembered  that  the  laws  concerning  candle- 
power  are  based  on  the  conception  that  the  radiations  issue 
from  a  point  in  straight  lines,  either  in  a  limited  or  in  all  direc- 
tions, and  that  if  it  is  used  for  any  other  sources  than  a  point, 
it  is  only  what  might  be  better  called  an  ''apparent"  or  "equiva- 
lent" ;  candle-power,  and  that  the  laws  concerning  this  latter  are 
not  always  the  same  in  all  respects  as  those  for  true  point 
sources.  In  practice,  if  the  source  of  light  is  not  too  large,  or 
can  be  sufficiently  far  removed  from  the  photometer,  it  may 
without  great  error  be  considered  a  point,  as  far  as  the  photo- 
metric measurement  is  concerned,  but  not  always  in  other  re- 
spects, as  will  be  shown  below. 

Illumination  is  popularly  conceived  to  refer  to  light  falling  on 
a  body,  thereby  illuminating  it.  But  more  specifically  defined 
it  is  the  amount  of  flux  of  light  passing  through  a  unit  of  area, 
like  a  square  foot;  that  is,  it  is  the  flux  divided  by  the  cross 
section,  and  it  is  therefore  in  fact  an  expression  of  the  density 
of  the  flux  or  the  flux  per  square  foot.  It  is  quite  analogous  to 
the  flux  density  of  a  magnetic  field  or  to  a  current  density.  It 
does  not  express  or  measure  any  particular  quantity  of  light  flux, 
surface  or  intensity  (candle-powers),  but  merely  a  flux  density 
and  nothing  more;  just  as  a  specific  gravity  does  not  express 
any  particular  quantity  of  a  material  but  merely  its  density. 
The  term  "illumination"  is  therefore  an  unfortunate  one,  as  it 
misleads  and  tends  to  limit  the  conception  of  the  real  quantity. 
It  can  be  correctly  applied  to  any  part  of  a  beam  of  light  whether 
or  not  there  exists  a  body  for  it  to  fall  on ;  it  is  so  used  in  the 
well-known  inverse  square  law ;  hence  it  does  not  necessarily 
imply  any  body  at  all.  If  a  body  is  placed  where  it  intercepts  the 
flux  and  is  illuminated  by  it,  its  illumination  is  measur- 
ed in  the  same  units  as  the  flux  density ;  this  unit  is  here  usually 
called  the  foot-candle,  and  is  the  flux  per  square  foot  at  one 
foot  from  one  candle.  Such  a  body  reflects  more  or  less  of  the 
light ;  but  what  it  reflects  is  of  course  also  flux  and  as  this  comes 
from  a  specific  surface,  it  also  has  a  flux  density ;  if  the  reflection 
is  perfect,  the  flux  is  the  same  as  formerly,  hence  as  the  surface 
is  the  same,  the  flux  density  will  be  the  same  too.     If  the  body 
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absorbs  some  light  then  the  flux  density  of  the  reflected  light 
will  be  numerically  less,  but  it  will  still  be  a  flux  density,  hence 
what  is  called  illumination  applies  also  quite  correctly  to  the  light 
reflected  from  a  surface ;  in  fact  it  must  be  so  considered  or  else 
some  of  our  calculations  and  measures  of  light  become  hopelessly 
mistified  or  obscured. 

All  that  a  reflector  does  is  to  change  the  direction  of  light 
radiation,  either  regularly,  as  does  a  mirror,  or  irregularly,  as 
does  a  white  card ;  but  it  gives  back  flux  of  light  as  such,  and 
this  flux  has  a  density  determined  by  the  surface ;  hence  the 
reflected  light  has  a  flux  density,  which  is  the  same  kind  of  a 
quantity  as  illumination.  It  would  be  very  desirable  to  distin- 
guish between  these  two  illuminations  by  distinctive  names,  but  it 
should  be  remembered  that  they  are  both  the  same  kind  of  quan- 
tities, like  the  watts  which  go  into  an  electric  transformer  and 
those  which  come  out;  they  might  be  called  ''incident"  and 
"reflected"  illumination,  the  difference  between  them  being  the 
absorption.  When  thus  considered,  there  is  no  mysterious  differ- 
ence between  the  illumination  falling  on  a  wall  and  that  reflected 
by  it ;  both  are  correctly  measurable  in  foot-candles,  and  their  dif- 
ference is  merely  numerical  due  to  the  loss  by  absorption  and  to 
one  being  generally  directed  light  while  the  other  is  generally 
dift'used   light. 

As  a  m.easure  of  flux  density.  Illumination  can  be  used  for 
all  kinds  of  beams  of  light  whether  conical  or  not,  while  its  allied 
unit,  namely,  the  candle-power,  expresses  the  flux  density  more 
conveniently  when  the  beam  is  conical  and  in  fact  can  be  used 
correctly  only  for  such  beams  or  their  equivalents.  The  measure 
called  illumination  can  be  used  for  any  light,  whether  it  be  a  beam 
from  a  point  as  in  the  photometer  measurements,  or  from  a  white 
surface  from  which  light  is  diffusely  reflected,  or  from  a  ground 
glass  transmitting  light,  or  for  such  light  as  daylight,  or  the  sur- 
face of  a  primary  source  as  a  flame,  the  filament  of  an  incan- 
descent lamp,  a  large  phosphorescent  surface,  a  long  tube  lamp, 
etc.  All  such  superficial  lights  may  be  correctly  expressed  and 
measured  in  illumination  units,  namely,  foot-candles.  It  will 
be  shown  below  that  the  other  unit  in  which  flat  sources  of 
light  are  often  expressed  and  measured,  namely,  "candle- 
power  per  square  inch"  often  called  the  brightness,  is  an  un- 
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necessary  and  misleading  unit,  which  introduces  complications; 
the  unit  of  illumination  can  always  be  used  mstead  of  it. 

The  three  important  fundamental  relations  existing  between 
these  three  measures  are  as  follows  and  arc  based  on  intensity 
(candle-power)  as  the  fundamental  qnantit},  the  others  being 
derived  from  it,  which  is  the  case  in  our  present  systems : 

intensity  ,   . 

illummation  =  -rr— ^  (i) 

flux  =  (intensity)  X  (solid  angle)^  (2) 

flux  ,   . 

illummation  =  -z. —  .  (3) 

surface 

These  three  fundamental  equations  may  be  interchanged  with 
each  other,  and  will  be  found  to  agree  with  each  other  except  for 
the  quantity  called  the  solid  angle.  This  is  a  measure  which 
is  unfamiliar  to  most  engineers  and  therefore  gives  rise  to  some 
confusion  and  uncertainty.  But  for  present  purposes  it  may 
be  entirely  eliminated  from  this  set  of  formulas  by  remember- 
ing that 

,.  ,  ,  surface  ,   . 

solid  angle  =  gj^^^^,  (4) 

hence  the  second  fundamental  formula  (2)  becomes 

_             (intensity)  X  (surface)  ,   . 

^«^  =  distanc? ^5) 

Formulas  may  be  developed  from  these  relations  for  determin* 
ing  actual  numerical  values  in  terms  of  specific  units,  in  which 
case  it  is  very  important  that  the  same  set  of  units  be  used 
throughout.  If  the  common  units  stated  above  are  used,  the  first 
formula  will  give  the  illumination  directly  in  foot-candles  if  the 
intensity  is  given  in  candles  and  the  distance  in  feet,  hence 

foot-candles  =  — ~ — ^  (6) 

feet 

From  this  any  one  of  the  three  quantities  can  be  calculated 
when  the  other  two  are  known.  Examples  showing  the  appli- 
cation of  this  well  known  formula  to  practical  problems  are 
not  necessary  as  this  is  described  in  all  text  books  and  is  well 
understood. 

'  A  solid  angle  is  an  angle  in  space  like  that  at  the  point  of  a  cone,  or  at  the  source 
of  a  conical  beam  of  light. 
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In  reducing  the  second  fundamental  formula  tc  numerical 
values,  the  troublesome  solid  angle  is  involved  and  there  unfortu- 
nately is  a  difference  of  opinion  as  to  what  unit  is  really  in  use 
at  present  in  our  common  system.  A  discussion  of  this  ques- 
tion may  not  be  necessary  here,  but  it  may  be  well  to  explain  that 
there  are  two  units  in  use,  one  the  absolute,  which  is  an  angle  like 
that  of  a  cone  which  subtends  a  unit  of  area  like  a  square  foot  at  a 
unit  distance  like  one  foot,  and  that  this  unit  is  called  a  steradian.^ 
The  second  unit  is  the  sphere  which  evidently  is  the  maximum 
possible  solid  angle,  just  as  a  circle,  or  360^  is  the  maximum 
possible  plane  angle.  For  some  purposes  it  is  better  to  use  the 
one  and  for  other  purposes  the  other.  As  a  matter  of  fact  one 
is  using  the  sphere  as  this  unit  when  he  speaks  of  spherical 
candles  for  flux,  as  in  the  common  expression  "watts  per  can- 
dle," which  means  spherical  candle-power;  while  he  is  using  the 
absolute  unit  of  solid  angle  when  he  refers  to  lumens.  Our 
common  system  is  unfortunately,  therefore,  not  clear  on  this 
point  and  gives  rise  to  some  confusion  in  numerical  calculations. 
It  is  quite  correct  to  use  either  unit,  provided  only  that  it  is 
definitely  understood  which  one  is  meant;  the  only  difference  is 
in  the  numerical  values  of  the  units  and  therefore  in  the  numerical 
constants  in  the  formulas. 

When  the  spherical  candle-power  is  used  as  the  unit  of  flux, 
that  is,  when  the  solid  angle  represented  by  a  sphere  is  the  unit, 
the  second  formula   (2)  becomes: 

spherical  candles  =  (mean)  candles.  (7) 

This  formula  simply  means  that  the  flux  in  spherical  candle  units 
is  numerically  equal  to  the  mean  candle-power  throughout  this 
sphere,  that  is,  in  all  directions. 

When  the  other  unit,  the  lumen,  is  used,  then  the  unit  solid 
angle  is  that  which  subtends  a  square  foot  at  a  distance  of  one 
foot  and  the  second  fundamental  formula  (2)  then  becomes 

lumens  ^^  47r  X  (mean)  candles  (8) 

meaning  again,  the  mean  candle-power  measured  in  all  directions. 
These  two  latter  formulas,  however,  refer  only  to  a  light  which 

1  A  cone  with  a  circular  base  having  an  angle  of  about  69°  at  its  apex,  represents 
such  a  unit  solid  angle  ;  it  takes  about  12^  of  these  (accurately  4n)  to  make  up  a  whole 
sphere. 
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can  be  considered  as  a  free  light  radiating  in  all  directions  as 
does  that  from  the  usual  lamps.  For  any  other  beams  of  light 
radiating  in  only  a  limited  direction,  these  formulas  become 

...  ,,  candles  X  sq.ft.  „  cp.  X  sq.ft.     ,   , 

spherical  candles  = z — ~ —  =  0.070^8         , — ^ —    (q) 

^  47r  feetV  '^^  feet'  ^^^ 


and 


,  candles  X  sq.ft.  .     . 

lumens  = z — r, — - —  (10) 

feef*  ^     ^ 


It  must  be  remembered  that  in  these  formulas  the  candle- 
power  is  considered  either  uniform  or  its  value  is  the  mean  value 
for  that  beam.  The  square  feet  in  the  numerator  represent 
the  cross  section  of  the  conical  beam  at  any  fixed  distance,  and 
the  feet  in  the  denominator  represent  the  distance  from  the  source 
(that  is,  from  the  point  of  the  conical  beam)  to  the  cross  section. 
From  these  formulas  it  is  understood  that  any  one  of  the  quanti- 
ties involved  can  be  calculated  when  the  other  three  are  given. 

The  numerical  relations  between  these  two  different  meas- 
ures of  flux  are  as  follows : 


I  spherical  candle  =  47r  (about  12 }4)  lumens  (11) 

or 

I  lumen  =  i  h-  47r  (about  0.0796)  spherical  candle     (12) 

hence  they  may  be  converted  from  one  to  the  other  by  the  for- 
mulas 

lumens  =  spherical  candles  X  47r  (13) 

and 

spherical  candles  =^  lumens  -f-  ^tt.  (14) 

In  using  the  term  lumen  it  should  be  understood  that  the  same 
name  is  used  abroad,  where  this  unit  was  originally  named,  for  a 
slightly  different  quantity  based  on  the  hefner  unit  instead  of 
our  candle ;  hence  there  will  be  the  same  difference  between  our 
common  lumen  and  the  official  lumen  as  there  is  between  our 
candle  and  the  official  hefner ;  that  is, 

official  lumen  ^    ^   .  ,  1 

our  common  lumen  — — ■   =  1. 136  omciallumens. 

o.  00 

The  third  fundamental  formula  (3)  when  reduced  to  our 
common  units  becomes 
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p     ,  ,,  ATT  spherical  candles  .     . 

toot-candles  =  ~ z (15) 

square  feet 

or  in  lumen  units 

i-    ^  1  lumens  ,    ,. 

foot-candles  =  ,; —  (loi 

sq.  ft. 

The  surface  referred  to  by  the  square  feet  is  in  this  case  the 
total  surface  on  which  this  amount  of  flux  falls,  or  through 
which  it  passes,  or  from  which  it  issues  in  case  the  surface  is  a 
source  of  light. 

The  above  formulas  are  of  a  general  character  and  apply  to 
these  quantities  in  general,  no  matter  what  the  nature  of  the 
source,  except  in  one  case  in  which  the  point  source  radiating  in 
all  directions  was  specified.  Their  use  will  be  illustrated  by 
numerical  examples  given  below  after  certain  differences  be- 
tween different  kinds  of  sources,  and  certain  other  laws  concern- 
ing light  radiation,  have  been  described. 

A  clear  distinction  is  sometimes  necessary  between  diffused 
light  and  what  might  be  called  directed  light.  The  latter  might 
be  defined  as  light  in  which  all  the  individual  rays  of  a  beam  are 
definitely  directed,  like  those  radiating  from  a  point,  or  those 
in  ''search-light"  beams,  telescopes,  cameras,  etc.,  while  in  the 
former  the  individual  rays  go  promiscuously  in  many  different 
directions  and  intersect  each  other  indiscriminately,  like  those 
from  a  white  paper,  wall,  cloud,  a  large  surface  of  molten 
metal,  a  ground  glass  window,  or  globe,  daylight,  etc.  Directed 
light  casts  a  clear,  definite  shadow,  while  diffused  light  does 
not.  If  the  source  of  light  is  small  enofgh,  like  a  gas  flame, 
an  incandescent  electric  lamp,  a  Welsbach  mantle,  etc.,  it  may 
for  all  practical  purposes  be  considered  and  treated  as  though 
it  were  a  point  of  light.  In  general,  directed  light  follows  the 
laws  of  radiation  from  a  point,  while  diffused  light  follows  the 
laws  of  radiation  from  a  surface.  The  numerical  relations  be- 
tween them  will  be  shown  below. 

There  are  in  general  three  kinds  of  sources  of  light,  a  point, 
a  line,  and  a  surface,  the  laws  concerning  which  are  in  some 
important  respects  different  from  each  other.  Any  other  source 
must  be  treated  as  the  one  which  it  approaches  more  nearly; 
sometimes  a  source  may  be  treated  as  either,  with  sufficiently  close 
approximation,  in  which  case  care  must  however  be  taken  not  to 
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go  too  far  in  the  deductions  from  the  results.  A  small  line  or 
surface  for  instance,  like  a  carbon  filament,  a  short  tube  lamp, 
a  square  inch  of  melted  platinum,  or  an  illuminated  white  card, 
may  be  correctly  photometered  in  candle-powers  as  though  they 
were  point  sources,  if  they  are  far  enough  off  to  be  so  considered. 
Moreover  they  may  be  revolved  or  otherwise  integrated  over 
a  sphere  so  as  to  get  their  mean  candle-power  in  all  directions, 
from  which  the  total  flux  can  be  calculated  as  usual. 

When,  however,  lines  and  surfaces  cannot  be  considered  as 
points,  or  cannot  have  their  mean  spherical  candle-power  meas- 
ured, it  is  important  to  notice  what  the  differences  are  in  the 
laws  concerning  them.  One  of  them  is  this :  the  illumination 
produced  at  any  place  by  a  theoretical  point  of  light  varies  in- 
versely as  the  square  of  the  distance  to  that  place,  while  for  a 
theoretical  line  of  infinite  length  it  is  inversely  as  the  distance 
and  for  a  theoretical  surface  of  infinite  extent  (such  as  the  sky) 
it  is  independent  of  the  distance,  being  the  same  everywhere 
in  space.  Or  to  put  this  into  practical  formulas  in  which  numeri- 
cal quantities  can  be  substituted,  and  using  as  units  the  lumen, 
the  foot,  and  the  foot-candle  (illumination  unit),  these  laws  are: 
for  a  point 

.  ,,  lumens  .    \ 

foot-candles  = ^ — -^  (17) 

47r  feet'' 

for  an  infinite  line 

-     ,        J-  lumens  per  foot  ,  „. 

foot-candles  = ^ (18) 

•  27r  feet 

and  for  an  infinite  surface 

foot-candles  =  lumens  per  square  foot.  (19) 

This  latter  simply  means  that  when  an  infinitely  large  light  giv- 
ing surface  like  the  sky  illuminates  a  second  surface,  then  the 
illumination  of  that  second  surface  expressed  in  foot-candles 
is  numerically  the  same  as  the  lumens  per  square  foot  of  the  light 
giving  surface,  no  matter  what  the  distance.  They  both  have  the 
same  flux  density.  Or  in  other  words,  the  illuminated  surface  is 
just  as  luminous  as  the  original  source,  assuming  that  it  absorbs 
no  light.  Hence  if  the  second  surface  is  a  hole  in  an  opaque  screen, 
and  therefore  absorbs  no  light,  the  surface  of  this  hole  will  be  equal 
to  and  will  act  like  an  equal  part  of  the  original  surface,  except 
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that  it  is  now  a  limited  surface  the  rays  from  which  diverge 
according  to  the  cosine  law. 

The  candle-power  in  all  these  expressions,  whether  real  or  ap- 
parent, means  that  value  which  would  be  obtained  by  the  usual 
calculation  in  the  usual  photometer  measurenjent  if  such  an  in- 
finite line  were  placed  where  the  usual  lamp  is  placed,  (and  of 
course  perpendicular  to  the  axis  of  the  photometer),  or  if  such 
a  surface  were  placed  at  or  anywhere  behind  the  usual  place  for 
that  lamp ;  the  candle-power  then  means  that  value  which  an 
ordinary  lamp  (point  source)  would  have  to  possess  in  order 
to  give  that  measured  illumination  at  the  photometer  screen,  if-  it 
replaced  that  line  or  surface ,  or,  if  the  surface  was  at  an  in- 
definite distance,  like  the  sky,  then  it  refers  to  a  lamp  at  a  dis- 
tance of  one  foot,  because  that  surface  could  have  been  brought 
to  a  distance  of  one  foot  without  changing  the  illumination. 
For  the  line  and  the  surface  it  might  therefore  be  called  an 
"equivalent"  or  ''apparent"  candle-power,  because  it  refers  to 
an  equivalent  only  as  far  as  the  illumination  at  the  particular 
place  under  consideration  is  concerned  and  nothing  more ;  this 
equivalency  does  not  refer  to  the  flux  or  to  its  distribution. 

The  other  important  differences  between  point,  line  and  sur- 
face sources  refer  to  the  total  flux  from  the  source  when  this 
flux  is  calculated,  as  it  usually  is,  from  the  normal  measured 
apparent  candle-power.  Using  the  lumen  as  the  unit  of  flux 
and  assuming  again  that  the  candle-power  of  the  source  is  that 
value  measured  by  the  photometer,  normally,  when  it  is  a  line  or 
surface,  then  the  formulas  are: 
for  a  point 

lumens  =  candles  X  47r  (20) 

for  each  foot  of  the  infinite  line 

lumens  =  apparent  candles  (of  whole  line)  X  27r  -^-  feet  (21) 

and  for  each  square  foot  of  the  infinite  surface,  to  one  side  only 

lumens  ^=  apparent  candles  (of  whole  surface)  at  i  ft.    (22) 

The  latter  simply  means  as  before,  that  the}-  are  merelv  equal 
numerically. 

It  will  be  seen  therefore  that  the  flux  for  the  same  candle- 
power  is  very  different,  depending  upon  whether  the  source  is  a 
point,  line  or  surface.  At  a  distance  of  i  foot  the  same  flux  radiat- 


656      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 


ing  from  a  foot  of  an  infinitely,  long  line,  will  give  twice  the 
candle-power,  and  from  a  square  foot  ot  an  infinite  surface, 
47r  times  the  candle-powder  that  it  would  when  issuing  from  a  point. 
The  resultant  radiations  may  be  conceived  as  shown  in  the  dia- 
grams. From  a  point  P,  Fig.  i,  they  issue  like  an  expanding 
sphere ;  from  any  part  of  an  infinite  Ime  L,  Fig.  2,  like  an  ex- 
panding cylinder;  and  from  any  part  of  an  infinite  surface  S, 
Fig.  3,  like  an  advancing  plane. 
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■  ^  ^^^.  —  — 
Figs.  I,  2  and  3. — Radiations  from  a  point,  an  infinite  line,  and  an  infinite  surface. 

In  practice,  however,  sources  are  neither  points,  nor  infinite  lines 
nor  infinite  surfaces.  Most  artificial  lamps  however  may  gener- 
ally be  treated  as  a  point  without  appreciable  error,  if  placed 
far  enough  from  the  photometer  screen  or  from  the  surface 
which  is  to  be  illuminated.  An  infinitely  long  line  L,  Fig.  4,  can 
bd  shown  to  be  equivalent  in  its  apparent  candle-power,  that  is, 
in  the  illumination  it  produces  on  a  small  surface  P,  to  a  finite 
portion  a  b  oi  that  source  bent  into  a  semi-circle  c  d  around 
the    point    P    as    a    center.     And    an    infinite    surface    like    the 


/"     B     -, 


--A 


Figs.  4,  5  and  6. — Finite  lines  and  surfaces. 

sky  can  similarly  be  shown  to  be  equivalent  in  the  same  sense 
to  a  finite  portion  of  that  surface  bent  into  a  hemisphere  around 
the  point,  as  shown  in  the  same  figure  if  the  line  represents  the 
large  surface  and  the  semicircle  represents  the  hemisphere. 
Hence  these  imaginary  mathematical  conceptions  can  in  practice 
often  be   reduced  to  finite   and  real  quantities. 
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Let  US  now  consider  a  finite  length  of  line  and  extent  of  sur- 
face and  see  how  they  differ  from  point  sources.  If  L,  Fig".  5, 
is  a  short  line  it  can  be  shown  that  from  the  so-called  cosine 
law,  the  polar  diagram  will  be  a  tangent  circle  A,  that  is,  the 
chords  of  this  circle  will  represent  the  candle-power  in  those 
respective  directions.^  The  diameter  is  the  candle-power 
usually  stated,  namely,  that  taken  perpendicularly  to  the  line 
at  its  center.  If  this  tangent  circle  be  revolved  around  the  line 
as  an  axis,  a  ring  shaped  solid  will  be  formed  called  a  torus, 
the  surface  of  which  is  the  polar  diagram  in  space.  If  this  line 
were  a  point  source,  the  polar  diagram  would  be  the  large 
dotted  circle  B,  as  the  intensities  are  then  the  same  in  all  direc- 
tions ;  the  polar  diagram  of  space  will  then  be  a  sphere  around 
the  point  as  a  center.  It  can  be  shown  that  the  total  flux  due  to 
this  peculiar  distribution  of  candle-power  from  the  line  is  as 
follows  when  the  candle-power  represents  the  one  taken  per- 
pendicularly as  usual : 

lumens  =  apparent  candles  X  tt"''  (approximately  9.87)    (23) 

spherical  candles  =  apparent  candles  X  tt  -^  4   (approx.   0.785) 

(23a) 

When  the  length  is  not  very  short  the  lamp  should  be  placed  at  a 
greater  distance  from  the  photometer,  so  that  it  is  apparently 
short  as  far  as  the  photometer  mei^surement  is  concerned. 

For  a  small  infinite  surface  S,  Fig.  6,  it  can  be  shown  that 
the  polar  diagram  in  the  plane  of  the  paper  will  again  be  the  same 
tangent  circle  A,  but  the  diagram  in  space  will  now  be  a  sphere 
generated  by  revolving  this  circle  on  its  diameter  PS.  And 
if  the  light  passes  out  from  only  one  side,  as  usual  from  actual 
surfaces,  there  will  be  only  one  such  sphere.  The  total  flux  in 
terms  of  the  candle-power  measured  perpendicularly  as  usual 
can  now  be  shown  to  be : 

lumens  =  apparent  candles  X  tt  (24) 

or 

spherical  candles  =^  %  apparent  candles.  (25) 

This  is  an  important  result  leading  to  very  useful  deductions, 

1  As  the  source  is  here  considered  to  be  a  mere  line,  there  is  no  light  issuing  from  its 
ends.  If  a  tube  has  no  opaque  caps  over  its  ends,  the  light  from  the  ends  must  of  course 
be  added. 
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as  will  be  shown  later.  The  surface  referred  to  should  be  small 
or  at  least  far  enough  removed  from  the  photometer  to  be  con- 
sidered so.  If  the  source  were  a  point  of  the  same  candle-power, 
the  candle-power  diagram  in  space  would  be  the  larger  sphere 
B  around  S  as  a  center.  Or  if  the  flux  is  the  same  for  the 
surface  as  for  the  point  source,  the  polar  diagram  for  the  sur- 
face will  be  the  very  large  sphere  C  and  the  perpendicular  can- 
dle-power will  then  be  four  times  as  great.  Hence  a  surface 
may  be  considered  to  be  somewhat  like  a  reflector,  as  it  con- 
denses all  the  flux  and  sends  it  out  in  one  general  direction, 
thereby  greatly  increasing  its  density,  (or  its  candle-power  as 
it  is  more  generally  called),  in  that  direction. 

There  is  another  measure  used  in  many  text  books  and  included 
in  those  officially  determined  upon  in  the  Geneva  Congress  of 
1896,  called  the  ''brightness  of  the  source",  in  this  country  usually 
measured  in  "candles  per  square  inch."  The  writer  has  shown 
in  an  article  published  elsewhere^  that  to  use  this  as  a  unit  is  un- 
necessary; it  causes  confusion  owing  to  a  difterent  or  loose  use 
of  the  term  candle-power,  and  it  is  really  a  unit  of  precisely  the 
same  kind  as  illumination  when  measured  in  foot-candles ;  it 
may  therefore  always  be  expressed  in  foot-candles;  the 
difference  between  the  two  may  be  said  to  be  analogous  to  the 
difference  between  a  cubic  yard  and  a  gallon,  both  of  which 
measure  the  same  physical  quantity,  namely,  volume,  and  there- 
fore might  be  expressed  in  terms  of  the  same  unit.  It  is  not 
necessary  to  repeat  the  arguments  or  demonstration  here.  In 
the  system  employed  in  this  paper,  this  unit  will  not  be  used  as  a 
unit,  because  most  calculations  are  simpler  without  using  it.  It  may 
be,  and  actually  is,  a  convenient  expression  to  use  at  times  but  it 
creates  confusion  unless  it  is  clearly  understood  that  the  term 
candle-power  involved  in  that  unit  does  not  mean  the  same  thing 
as  the  one  involved  in  the  general  use  of  that  term,  but  that  it 
really  expresses  a  flux  and  not  a  flux  density.  It  can  be  shown 
that  numerical  values  expressed  in  terms  of  this  unit  can  be  re- 
duced to  the  more  common  unit,  foot-candles,  by  the  following 
formula : — 

^     ^         ,,            candles  per  sq. in.  X  144 
foot-candles  = j-^ -^  = 

452  X  candles  per  sq.  in..      (26) 

1  Electrical  World,  Sept.  26,  1908,  p.  673. 
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There  is  an  interesting  relation,  which  may  at  times  be  quite 
useful,  which  follows  from  the  above  formula,  namely,  the  candle- 
power  equivalent  of  a  foot-candle  of  reflected  illumination.  It  fol- 
lows from  the  above  mentioned  equivalent  that  an  illumination  of 
any  foot-candles  over  a  given  surface  can  always  be  expressed 
in  equivalent  or  apparent  candle-powers,  and  that  this  rela- 
tion can  be  determined  by  calculation,  assuming  for  this  pur- 
pose that  the  surface  which  is  illuminated  reflects  perfectly,  that 
is,  absorbs  no  light.  It  can  be  shown  in  this  way  that  every 
square  foot  of  surface  illuminated  to  the  amount  of  one  foot- 
candle,  will,  if  measured  on  a  photometer,  perpendicularly  to 
the  surface,  have  an  apparent  candle  power  of  i/tt,  that  is 
0.3183,  or  about  1/3  candle.  Hence  the  apparent  reflected  candle- 
power  of  an  illuminated  surface,  or  of  an  origianl  source  of  light 
in  the  form  of  a  surface,  can  be  calculated  from  the  illumination 
by  the  following  formula : 

apparent  candles  =  foot-candles  X  sq.  ft.  X  0.3183.    (27) 

This  formula  is  often  of  use,  but  it  must  be  distinctly  understood 
that  this  is  merely  an  equivalent  or  apparent  candle-power  which 
will  produce  the  same  illumination  of  the  screen  on  which  it  is 
measured,  as  a  lamp  of  that  many  candles  would  produce ;  it  is 
an  equivalent  in  no  other  sense  and  it  would  not  be  proper  to 
calculate  the  flux  from  this  candle-power  as  though  it  were  a 
point  source,  nor  the  illuminations  in  other  than  this  one  direction, 
as  the  equivalency  does  not  extend  any  further.  It  is  a  candle- 
power  of  a  flat  surface  and  not  of  a  point ;  hence  it  follows  the 
laws  of  a  surface  and  not  those  of  a  point ;  these  laws  were  de- 
scribed above.  The  use  of  the  above  formulas  in  practice  will 
be  illustrated  below  by  numerical  examples. 

The  apparent  candle-power  of  an  illuminated  surface  affords 
a  simple  means  of  determining  the  absorption  of  any  surface, 
such  as  of  the  walls  of  a  room.  Illuminate  a  known  surface 
of  it,  say  a  round  disc  i  sq.  ft.  in  area,  (therefore  about  13^^ 
inches  in  diameter,  which  may  be  screened  off  with  a  black 
cloth)  with  a  known  candle-power  at  a  known  distance  and 
calculate  the  illumination  in  foot-candles ;  this  multiplied  by 
0.3183,  (roughly  3^),  is  the  value  of  candle-power  that  would 
be  photometered,  if  it  were  perfect  and  did  not  absorb  any  of 
the   light;   then   measure   its   actual  apparent  candle-power  and 
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the  difference,  or  the  ratio,  wih  give  the  loss  by  absorption.  As 
the  apparent  candle-power  of  a  square  foot  of  surface  illumi- 
nated to  one  foot-candle  is  very  small,  the  illumination  of  the 
disc  should  be  as  bright  as  possible  and  the  photometer  should 
be  adapted  for  measuring  very  low  candle-powers.  This  test, 
of  course,  is  only  a  rough  and  ready  one,  although  in  the  lab- 
oratory, with  suitable  facilities,  it  might  be  carried  out  to  some 
precision. 

There  is  a  useful  law  which  has  been  referred  to  above,  called 
the  cosine  or  Lambert's  law  (discovered  in  1760).  It  refers  to 
flat  surfaces  which  either  reflect,  transmit,  or  emit  diffused  light 
in  all  directions  in  the  hemisphere  surrounding  them.  It  applies 
only  when  the  light  comes  from  the  surface  alone  and  not  from 
the  interior  also,  and  it  therefore  does  not  apply  to  a  gas  flame, 
or  to  the  light  from  a  vacuum  tube,  both  of  which  are  trans- 
parent. This  law  leads  to  some  important  deductions.  It  is, 
however,  not  always  strictly  correct,  especially  when  the  angles 
with  the  surfaces  are  small,  and  the  errors  are  not  the  same 
for  all  materials ;  it  is  probably  sufficiently  accurate  for 
the  purposes  of  the  illuminating  engmeer,  most  of  whose 
calculations  do  not  permit  of,  nor  do  they  require  great  accuracy. 

Referring  to  Fig.  6,  this  law  is  that  the  apparent  candle- 
power  of  the  light  from  a  surface  S,  seen  from  points  P,  P', 
diminishes  with  the  cosine  of  the  angle  a  with  the  normal.  Thus 
if  the  light  from  the  flat  surface  S,  measures  n  candles  from  P, 
then  it  will  be  n  cos  a  candles  from  a  point  P'  at  an  angle  a. 
As  was  shown  above,  this  law'  enables  one  to  determine  certain 
differences  between  a  point  source  of  light  and  a  flat  source,, 
that  is,  between  directed  light  and  diffused  light,  which  are 
often  of  use.  It  can  be  shown  by  the  cosine  law  that  when 
light  issues  from  the  whole  of  one  side  of  a  small,  flat,  uniformly 
bright  surface  S  in  Fig.  6,  the  intensity  varies  in  such  a  way 
that  the  usual  polar  diagram  of  the  source  will  be  a  tangent 
circle  A  as  illustrated,  representing  a  sphere,  the  diameter  of  which 
is  the  normal  intensity  S  P.  Hence  if  S  P  represents  the  candle- 
power  as  measured  by  the  photometer,  and  a  sphere  be  drawn  on 
S  P  as  a  diameter,  then  the  lengths  of  the  other  lines  radiating 
from  S  to  the  sphere,  represent  the  intensities  in  those  respective 
directions. 
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There  is  a  very  useful  deduction  from  the  cosine  law.  If 
a  uniformly  bright  surface  S,  Fig.  7,  is  looked  at  or  photom- 
etered  from  any  point  P,  through  a  definite  opening  O  in  an 
opaque  screen,  then  the  light  reaching  P  is  found  to  be  inde- 
pendent of  the  inclination  of  the  surface  S  with  the  axis  of 
the  beam,  as  S'  for  instance,  or  of  its  distance  from  the  point  P 
or  from  the  opening  O,  as  S"  for  instance,  provided  only  that 
the  surface  is  always  large  enough  to  conipletely  cover  the  field 
seen  from  P  through  O,  that  is,  provided  the  opening  seen  from 
P  is  always  completely  filled  with  light.  Hence  the  light  from 
the  opening,  measured  at  P,  will  be  constant  depending  only 
on  the  brightness  but  not  the  extent  or  distance  of  the  surface  S. 

From  this  it  follows  that  the  intensity  measured  at  P  would  also 
be  the  same  if  the  flat  source  be  brought  quite  up  to  the  open- 
ing; hence  such  a  measurement  really  gives  the  light  from  an 


Fig.  7. — Light  from  a  bright  surface. 

equal  area  of  the  original  source.  Therefore,  to  measure  the 
light  given  off  per  square  inch  of  surface,  be  the  surface  a  direct 
source  of  light  like  heated  metal,  or  indirect  like  a  white  wall,  or 
indefinite  like  a  cloud,  or  the  sky,  etc.,  and  be  it  near  or  far, 
inclined  or  not,  accessible  or  inaccessible,  make  a  hole,  say  of 
I  sq.  in.,  in  a  screen  and  measure  the  candle-power  of  the  light 
coming  through  this  hole  with  a  photometer  in  the  usual  way 
as  though  the  hole  were  the  source,  being  sure  that  each 
part  of  the  hole  has  light  giving  surface  behind  it.  The  candle- 
power  thus  measured,  is  equal  to  that  of  one  square  inch  of 
the  source  itself.  Even  if  the  original  surface  was  incHned  to 
the  beam  at  any  unknown  angle,  or  very  rough  and  irregular  like 
a  cloud,  this  measurement  gives  directly  the  density  of  the  ra-lia- 
tion,  that  is,  the  apparent  candle-power  of  one  square  inch  of 
the  source  normal  to  the  surface.  It  is  important  to  remember, 
however,  that  the  candle-power  thus  obtained  applies  oniy  to 
the  direction  normal  to  the  surface  of  the  hole  and  to  no  oiber 
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direction,  in  which  respect  it  differs  from  a  point  source,  as 
shown  above ;  hence  the  term  ''apparent"  candle-power-  The 
same  method  is  used  in  radiation  pyrometers,  as  the  same  reason- 
ing applies  to  heat  radiation.  Of  course,  such  losses  as  those 
due  to  absorption,  dispersion,  particles  of  dust  or  vapor,  etc.,  are 
not  considered  here ;  for  great  distances  they  might  be  quite 
large. 

The  illumination  produced  by  the  light  from  such  a  small 
illuminated  opening,  normally  to  it,  will  be  inversely  proportional 
to  the  square  of  the  distance  from  the  opening  to  the  point  P, 
because  the  light  from  the  opening  is  like  that  from  an  equal 
area  of  the  original  source,  which  can  be  conceived  to  be  made 
up  of  points  of  light,  the  light  from  each  of  which  is  inversely 
proportional  to  the  distance  from  it  to  the  point  P; 
hence  the  light  from  all  of  them  together  also  follows  this  law. 
In  general,  such  an  opening  may  be  treated  precisely  like  a 
corresponding  illuminated  surface  of  equal  area,  as  it  has  all  of 
the  properties  and  follows  all  the  laws  of  such  a  surface ;  it 
differs  from  a  point  of  light  precisely  as  an  illuminated  surface 
does.  Hence  the  flux  from  it  will  be  only  one-fourth  of  that  of 
a  point  source  of  the  same  candle-power. 

It  will  be  noticed  that  none  of  the  above  formulas  is  based 
on  any  empirical  constants,  that  is,  on  any  numbers  that  have 
to  be  obtained  from  experiments.  '  The  formulas  are  theoretically 
correct  and  exact,  being  based  entirely  on  the  laws  of  the  radiation 
and  reflection  of  light.  Any  inaccuracies  in  applying  them  to  prac- 
tical problems  are  due  to  the  fact  that  one  can  never  realize  the 
theoretically  perfect  conditions  of  true  points,  lines  and  surfaces. 
Fortunately,  the  inaccuracies  in  practice  are  generally  where  they 
are  of  least  consequence. 

EXAMPLES. 

The  following  numerical  examples  will  show  some  of  the  ap- 
plications  to   practical   cases,   of  the   formulas    deduced   above. 

Whenever  any  source  of  light,  whether  direct  or  indirect, 
giving  either  diffused  or  directed  light,  can  have  its  mean  candle- 
power  measured  iii  all  directions  by  a  photometer,  it  is  generally 
the  simplest  and  best  plan  thus  to  measure  it.  This  remark  ap- 
plies to  all  sources  which  are  small  ?nough  or  can  be  moved 
off  far  enough  from  the  photometer    to  be  considered  virtually 
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a  point,  and  which  are  adapted  to  be  revolved  or  measured  with 
some  form  of  integrating  photometer  or  by  any  other  means  so 
as  to  get  the  average  Hght  in  all  directions.  It  applies  also  to 
tubular  lamps  or  to  flat  surfaces,  either  original  or  secondary 
sources,  or  radiating  from  one  side  only,  provided  only  that  the 
mean  candle-power  in  all  directions  can  be  measured.  If  the 
light  issues  only  to  one  side,  as  from  a  flat  opaque  surface,  it 
would  suflice  to  measure  the  mean  intensity  in  all  directions  to 
one  side  only,  that  is,  in  one  hemisphere,  being  careful  to  re- 
member that  the  flux  is  then  only  the  hemispherical  radiation 
and  not  the  spherical.  The  number  obtained  for  such  a  hem- 
ispherical mean  candle-power  must  be  divided  by  2  to  calcu- 
late the  flux  in  spherical  candles  or  lumens,  for  if  the  same  quan- 
tity of  radiation  be  distributed  in  all  directions  instead  of  only 
through  a  hemisphere,  the  mean  candle-power  of  such  a  source 
would  be  only  half  as  great. 

Having  measured  the  mean  candle-power  in  all  directions — 
say  it  is  5  candles — the  calculations  from  it  are  very  simple. 
The  candle-powers  in  any  specific  directions  are  obtained  by 
direct  measurement,  and  the  illumination  produced  at  specific 
distances  in  those  directions  are  calculated  from  these  candle- 
powers  in  the  usual  way,  by  means  of  formula  (6)  which 
is  too  well  known  to  require  illustrating.  The  total  flux 
in  spherical  candles  is,  according  to  formula  (7),  simply  5; 
in  lumens,  it  is,  according  to  formula  (8), 

lumens  =  5  X  47r  =  62.5. 

The  mean  brightness  or  flux  density  of  the  source  itself  in 
any  particular  direction,  if  it  can  be  considered  a  point,  is  sim- 
ply expressed  by  the  candle-power  in  that  direction ;  there  is  no 
other  way  of  expressing  it.  If  the  source  is  a  surface,  this 
brightness  or  flux  density  can  be  expressed  in  illumination  units ; 
it  depends  on  the  area  of  the  light-emitting  surface  of  the  source. 
If  it  is  a  white,  ground  glass,  phosphorescent  or  incandescent  sur- 
face radiating  diffused  light,  and  if  it  has  a  surface  of  say  10  sq. 
in.,  the  flux  density  at  this  surface  calculated  from  the  lumens, 
will  be  from  formula  (16). 

62.5  lumens  . 

flux  density  =  -, ; r j-  =  900  lOot-candles, 

(10  —  144)  sq.  ft. 

or  calculated  from  the  spherical  candles  by  means  of  formula  (15) 
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,       .  ATT  X  s  Spherical  candles  .     ^         .. 

flux  density  =  - — .  r j- =  900  foot-candles. 

(10  -r-  144)  sq.  It. 

Or  if  it  is  a  lamp  filament  say  6  inches  long  and  0.003  inch  in 
diameter,  its  surface  will  be  0.0004  sq.  ft.  and  the  flux  density 
on  the  filament,  from  the  same  formulas,  will  be  156,000  foot- 
candles.  If  it  is  reflected  or  transmitted  light,  and  if  the  origi- 
nal flux  radiated  on  to  the  surface,  is,  say,  125  lumens,  the 
efficiency  of  the  reflection  or  transmission  is  62:5-^- 125=50%. 
If  the  lamp  consumed  21  watts,  its  specific  output  in  spheri- 
cal candles  per  watt  wifl  be  5^21 =.24,  or  in  lumens  per  watt, 
it  will  be  62.5-1-21=3.  Thus  all  the  data  that  one  needs  can 
be  deduced  when  the  true  mean  candle-power  can  be  measured. 

When  the  mean  candle-power  in  all  directions  cannot  be  meas- 
ured, which  is  often  the  case,  other  methods  may  be  used  to 
determine  some  other  quantity  from  which  the  necessary  data 
can  be  calculated.  They  are  best  considered  under  the  following 
special  cases. 

If  a  lamp.  Fig.  8,  with  a  reflector  R  l)ehind  it  throws  out  a 
conical  beam  of  light,   like  a  locomotive  or  trolley  head-lamp, 


Fig.  8. — lyight  from  lamp  with  reflector. 

and  if  the  beam  has  a  cross-secton  S  of  5  sq.  ft.  at  a  distance 
of  10  ft.,  and  if  the  average  candle-power  measured  in  that  beam 
is  1000  c.p.,  then  according  to  formula  (10) 

,  1000  c.  p.  X   5  sq.  ft. 

lumens  = ^ — ^ =  so 

10  it.  squared 

or  according  to  formula  (9) 

...  ,,  1000  c.  p.  X  5  sq.  ft. 

spherical  candles  =  ^-7 — - — ;-  =  4. 

47r  X   10  ft.  squared 

This  means  that  the  flux  of  light  is  exactly  the  same  in  amount 
as  it  would  be  from  a  bare  lamp  whose  mean  candle-power  in 
all  directions  is  4  c.p.  therefore  having  a  llux  of  4  spherical  c.p., 
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only  that  the  flux  of  Hght  in  the  former  case  has  all  been  con- 
centrated into  a  small  beam. 

If  the  diameter  of  the  reflector  is  say  12  inches,  the  light 
emitting  area  at  the  front  of  the  lamp  will  be  about  0.8  sq.  ft., 
hence  the  flux  density  (or  illumination)  of  the  light  where 
it  issues   from  the  lamp  is  according  to   formula    (16) 

flux  density  ^=  ^— r—  =  6^  foot-candles 

^         0.8  sq.  ft.  ^ 

or   from    formula    (15) 

n        ,       ..  4^^  X  4  sp.  candle        ^     r     .         ,1 

flux  density  = ;    ^    ^ =  6-;  foot-candles. 

^  0.8  sq.  ft.  ^ 

The  flux  radiated  from  the  front  of  this  lamp,  is  therefore, 
the  same  as  that  from  a  flat  surface  12  inches  in  diameter  whose 
illumination  is  63  foot-candles.  It  radiates  directed  light,  how- 
ever, and  not  diffused  light,  hence  the  similarity  does  not  extend 
to  the  candle-power. 

When  the  beam  from  such  a  search  lamp  is  nearly  parallel, 
or  the  reflector  is  large,  the  distance  from  the  measured 
cross-section  S,  Fig.  8,  to  the  lamp,  must  not  be  measured  to  the 
lamp  itself,  but  to  the  point  P  behind  the  lamp  where  the  point 
of  the  conical  beam  would  be  if  the  beam  were  continued  back- 
wards. This  correction  will  be  small  for  most  of  the  calcula- 
tions occurring  in  commercial  piactice  with  rapidly  diverging 
beams  or  when  the  distance  is  relatively  great;  for  search-lamp 
beams  however,  it  becomes  important.  In  such  cases  (except  for 
an  absolutely  parallel  beam)  the  correct  distance  can  be  calcu- 
lated by  dividing  the  diameter  of  the  beam  at  the  measured  cross- 
section,  by  the  difference  between  it  and  the  diameter  of  the  beam 
at  the  front  of  the  lamp,  and  multiplying  by  the  distance  from 
the  cross-section  to  the  front  of  the  lamp  (all  in  feet)  ;  the  re- 
sult will  be  the  true  distance  S  P. 

If  the  beam  is  perfectly  parallel,  it  can  no  longer  be  treated 
as  a  conical  beam  ;  its  candle-power  cannot  be  measured  direct- 
ly, as  there  is  then  no  such  thing  as  the  "distance  to  the  source." 
But  the  reading  of  the  photometer  placed  in  the  beam  at  any  par- 
ticular section  of  it,  gives  the  foot-candles  of  illumination,  by 
dividing  the  candle-power  of  the  standard  lamp  by  the  square  of 
its  distance  in  feet  from  the  photometer  screen;  this  gives  the 
''illumination"  or  flux  density  of  the  search-lamp  beam  at  that 
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section,  in  £oot-candles.  Then  it  is  quite  correct  to  say  that  at  this 
section  the  beam  is  equivalent  to  so-and-so  many  candles  at  such- 
and-such  a  distance,  some  convenient  distance,  such  as  lO  ft. 
for  instance,  being  chosen.  Hence  if  the  beam  measured  63 
foot-candles  it  is  equivalent  in  candle-power  (but  not  in  flux)  to 
6300  candles  at  10  ft.  It  would  be  meaningless  to  state  such 
an  equivalent  candle-power  without  stating  the  assumed  dis- 
tance also,  although  such  statements  are  sometimes  made.  If  by 
such  an  unmentioned  distance  is  meant  the  distance  to  the  search- 
lamp  itself,  then  the  generally  enormous  candle-power  obtained 
simply  means,  like  in  the  above  case  of  6300  candles,  that  this 
many  candles  placed  where  the  reflector  is,  would  be  required 
without  a  reflector  to  produce  the  same  illumination  at  the 
place  at  which  it  was  measured;  but  it  does  not  mean  that  the 
flux  of  light  of  this  beam  is  equivalent  to  that  which  this  many 
candles  would  radiate  if  burning  openly.  In  giving  such  an 
equivalent  in  candle-powers  in  such  a  case,  it  must  therefore  be 
clearly  understood  that  it  is  an  equivalent  only  as  far  as  the 
illumination  at  that  place  is  concerned.  It  is  quite  correct  to 
say  that  a  distant  object  on  which  this  beam  falls  is  illuminated 
as  brightly  as  it  would  be  by  6300  candles  at  a  distance  of  10  ft. 
from  that  object. 

Some  further  deductions  can  be  obtained  from  the  flux  which 
is  calculated  from  this  same  measurement  in  foot-candle  and 
from  the  cross-section  of  the  beam  in  square  feet.  Let  the 
latter  be  0.8  sq.  ft.  then  the  flux  is,  from  formula  (16) 

lumens  =  63  foot-candles  X  0.8  sq.  ft.  =50 
or  from  formula   (15) 

spherical  candles  =  63  foot-candles  X  0.8  sq.  ft.  h-  47r  =  4. 
Such  a  beam  would  be  best  specified  by  stating  that  it  radiated 
a  flux  of  50  lumens   (or  4  spherical  candles)  through  a  cross- 
section  of  0.8  sq.  ft.  therefore  having  a  flux  density  of  63  foot- 
candles. 

There  is  another  way  of  stating  the  equivalency  of  such  a 
beam  in  candle-powers,  which  though  of  little  importance  in 
this  case,  may  be  quite  useful  in  other  cases.  The  flux  in 
spherical  candles,  namely,  4,  in  this  case,  shows  from  formula 
(7)  that  the  flux  -of  this  beam  is  equal  to  that  of  a  small  lamp 
having   a   mean    value    of   only   4   c.p.    in    all    directions.     The 
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same  result  is  obtained  from  formula    (8)    for  lumens  but  the 
calculation  is  not  so  simple. 

The  following  example  refers  to  light  emitting  surfaces.  If 
a  square  inch  of  a  phosphorescent  surface  photometered  per- 
pendicularly gives  ^  c.p.,  then  the  amount  of  flux  issuing  from 
that  surface  in  all  directions  to  one  side  of  it,  is,  according  to 
formula  (25),  %X>2=>^  spherical  candles;  that  is,  it  gives 
as  much  flux  as  a  lamp  which  photometers  %  c.p.  in  all  direc- 
tions or  has  a  mean  candle-power  of^/g-  In  lumens  the  flux 
would  be  according  to  formula  (24) 

lumens  =  tt  X  candle-power  =  -n-h  =  1.57. 
The  flux  density  (or  illumination)  of  this  surface  in  foot-candles, 
is  the  flux  per  square  foot,  that  is,  the  flux  divided  by  the  area 
in  square   feet;  one   square  inch  is    1/144  sq.    ft.,   hence   from 
formula  (15)   for  spherical  candles 

flux  density  =  — -. ^  :=  226  foot-candles 

1/144 

or  from  formula  (16)   for  lumens 

I.  S7 
flux  density  =    ,  =    226    foot-candles. 

1/144 

This  result  means  that  the  square  inch  gives  off  as  much  diffused 
light  as  a  white  surface  of  i  sq.  in.  would  if  placed  at  one 
foot  from  a  lamp  of  226  candles,  if  the  reflection  were  perfect — 
that  is,  if  there  were  no  absorption.  It  must  be  remembered 
that  this  remark  applies  to  small  surfaces  only,  or  to  those 
far  enough  to  be  considered  small.  If  it  is  desired  to  express  the 
reflected  illumination  in  terms  of  the  unit  "candles  per  square 
inch"  no  formula  is  required,  because  the  original  data  give  it  in 
these  terms,  namely,  ^  c.p.  from  i  sq.  in.,  but  as  a  check  of  the 
above  result,  and  to  illustrate  the  use  of  formula  (26),  it  can 
be  calculated  from  the  foot-candles  as  follows : 

foot-candles        226  , 

candles  per  sq.  m.  =  =  —  :=  %. 

452  452 

The  candle-power  of  a  square  centimeter  of  platinum  at  its 
melting  point  is  given  as  about  20,  or  about  130  c.p.  per  sq. 
in.  From  formula  (26)  the  flux  density  equals  130X452= 
58,760  foot-candles.  The  flux  radiated  from  i  sq.  in.  according 
to  formula  (24)  in  lumens  is  candles  X  -n-  =  130X3.14=408;  or 
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in  Spherical  candles  from  formula  (25)  it  is  130  candles^4=32.5. 
These  two  results  can  be  checked  with  each  other  by  means  of 
formulas  (13)  or  (14)  which  show  that  32.5  spherical  candles 
are  equal  to  408  lumens.  The  above  flux  density  might  also 
have  been  calculated  with  formulas  (15)  and  (16)  from  the  flux 
and  the  surface,  and  the  same  result  would  have  been  obtained. 
In  general,  any  of  the  formulas  must  lead  to  the  same  result  as 
all  of  them  are  based  on  the  same  uniform  system. 

Daylight  is  given  in  Ganot',-^}  Physics  as  *'i8o  candles  per  square 
yard."  Assuming  this  to  mean  that  an  opening  of  i  sq.  yd. 
exposed  to  daylight  would,  if  measrired  by  a  photometer  at  a 
sufficiently  great  distance  to  be  considered  a  point,  correspond 
to  180  candles  placed  where  the  opening  was,  then  all  of  the 
other  data  can  be  calculated.  The  light  equals  20  candles  per 
sq.  ft.,  hence  the  corresponding  illumination,  or  flux  density, 
from  formula  (27),  is  20-^  (1X0.3 183)  =63  foot-candles.  Or 
from  formula  (26)  the  same  result  is  obtained,  though  less 
directly.  This  result  means  that  according  to  the  data,  a  win- 
dow at  daylight  sheds  as  much  light  into  a  room  as  a  white  sur- 
face of  the  same  area  which  gives  oil  a  reflected  illurhination  of  63 
foot-candles.  The  total  flux  for  a  square  foot  is  found  from  formu- 
la (24)  to  be  candles X7r=:2oX 3. 14=^63  lumens,  or  from  (25)  5 
spherical  candles.  Hence  for  a  window  of  one  square  yard  it  would 
be  9  times  this,  namely,  576  lumens  or  45  spherical  candles. 
From  this  result  it  is  easy  to  ascertain  how  many  lamps  to  use 
at  night  in  order  to  radiate  the  same  amount  of  light  in  that 
room.  A  single  lamp  having  a  mean  candle-power  of  45,  or 
about  3  of  16  candles,  radiate  a  flux  of  about  45  spherical  can- 
dles and  are  therefore  sufficient.  This  conclusion  is  shown  by 
formula  (7)  which  is  too  simple  to  deserve  that  name.  When 
the  flux  is  in  lumens  however,  the  calculation  is  not  so  simple ; 
formula  (8)  then  gives  the  result — which,  of  course,  is  the 
same. 

The  above  example  illustrates  the  error  which  can  easily  be 
made  if  one  does  not  distinguish  between  the  light  from  a  point 
and  that  from  a  surface.  The  light  from  a  surface  of  one  square 
yard  is  stated  to  be  180  candles,  but  lam.ps  (point  sources)  of 
180  candles  in  that  room  would  be  far  more  than  are  necessary. 
As  was  shown  above,  for  the  same  flux  the  candle-power  equiva- 
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lent  of  a  surface  is  4  times  that  of  a  free  lamp,  hence  only  ^  of 
i8o:=45  candles  are  required  (as  was  shown  above).  It  would 
also  be  a  grave  error  to  multiply  the  apparent  candle-power 
of  the  light  from  the  window  namely,  180  candles,  by  477  (that 
is,  12^)  to  get  the  flux  in  lumens,  as  it  is  only  ^  of  this  value. 
If  the  inside  surfaces  of  such  a  room  were  1000  sq.  ft.,  then 
the  mean  illumination  by  ^67  lumens  or  45  spherical  candles, 
would  be,  from  either  formulas  (16)  and  (15)  0.567  foot- 
candles. 

If  the  specific  consumption  of  each  lamp  is  3  watts  per  can- 
dle, which  of  course  means  spherical  candles  of  flux,  then,  the 
total  consumption  will  be  3X45=135  watts;  with  energy  at 
10  cents  per  kilowatt  hour,  the  cost  would  be  1.35  cents  per 
hour;  this  is,  therefore,  the  njoney  value  of  the  daylight  in  that 
room. 

If  the  photometric  value  for  daylight  is  not  known  it  can  be 
measured  by  cutting  a  hole  in  a  black  opaque  screen,  say  of  i  sq. 
ft.,  in  the  form  of  a  circular  disc  which  will  then  be  about  13^ 
inches  in  diameter.  Expose  this  opening  to  daylight  at  the 
place  and  in  the  direction  in  which  it  is  to  be  photometered. 
The  square  foot  can  be  considered  to  be  an  average  square  foot 
of  the  sky,  clouds,  trees,  buildings,  etc.,  which  reflect  the  daylight 
into  the  window.  Photometer  this  opening  as  though  it  were 
a  lamp  and  if  the  above  value  from  Ganot's  Physics  is  correct,  it 
will  be  found  to  be  about  20  candles,  although  of  course  it 
will  vary  greatly  at  different  times  and  places.  All  the  rest 
of  the  deductions  are  then  m.ade  as  described  above. 

Suppose  it  is  desired  to  illuminate  a  room  having  an  inside  sur- 
face of  1000  sq.  ft.  to  an  average  of  2  ft.  candles.  According  to  for- 
mulas (16)  and  (15),  the  total  flux  required  will  be  1000X2= 
2000  lumens,  or  1000  X  2  -^-  47r  ==  160  spherical  candles.  The  lat- 
ter figure  shows  directly  that  about  10  lamps  of  16  mean  candles 
will  give  the  desired  flux.  The  same  figure  can  be  obtained 
less  directly  from  the  lumens  by  means  of  formula  (8).  This 
value  of  course  refers  only  to  the  direct  light  from  the  lamps ;  the 
walls  and  ceiling  will  also  illuminate  each  other,  hence  some- 
what less  than  the  above  value  of  candle-power  will  suffice ;  this 
correction  is  described  in  text  books  and  need  not  be  explained 
here. 
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Suppose  it  is  desired  to  measure  approximately  the  absorp- 
tion of  light  by  a  wall  or  ceiling.  Screen  off  a  known  area  of  it 
with  a  black  screen,  say  a  round  area  of  i  sq.  ft.  (13^  inches 
diameter)  ;  illuminate  it  as  brightly  as  possible  with  a  known 
candle-power,  say  100  candles  at  known  distance,  say  5  ft. 
Then  the  illumination  which  falls  on  the  Surface  is,  according  to 
the  well  known  formula  (6)  ioo^5.-=4  foot-candles;  hence 
if  it  were  a  perfect  matt  reflector,  it  would  have  an  apparent 
candle-power,  according  to  formula  (27)  of  4X-3i83=i.3  candles. 
Measure  the  light  with  a  photometer  which  must  be  adapted  to 
very  small  candle-powers,  and  the  distance  from  the  wall  must 
not  be  too  small  if  the  area  is  as  large  as  i  sq.  ft.  Suppose 
this  measurement  gave  0.8  candles,  then  the  loss  by  absorption 
is  1.3 — 0.8^0.5,  which  is  about  38%  of  the  original.  The  flux 
reflected  back  by  such  a  wall  will  therefore  be  about  100 — 38= 
62%  of  that  which  falls  on  it.  An  actual  measurement  recently 
made  at  the  Bureau  of  Standards  showed  the  apparent  candle 
power  per  square  foot,  per  foot-candle  of  illumination,  falling 
on  an  unusually  good  white 'matt  surface  of  ground  milk  glass, 
to  be  0.27  candles.  If  theoretically  perfect  the  value  should 
have  been  0.3183,  hence  the  absorption  was  about  15%. 

In  all  of  the  above  examples  which  refer  to  surfaces,  it  must 
be  remembered  that  when  use  is  made  of  the  apparent  candle- 
power  of  a  surface,  this  surface  must  be  relatively  small,  or 
sufficiently  far  from  the  photometer  to  be  considered  so.  The 
equivalent  candle-power  of  a  whole  wall  or  a  large  window,  for 
instance,  would  of  course  be  greater  than  that  from  i  sq.  ft. 
of  it,  nor  would  it  always  be  equal  to  the  latter  multiplied  by 
the  number  of  square  feet,  unless  the  photometer  is  very  far  off. 
The  per  square  foot  value  is  used  merely  as  a  convenient  num- 
ber from  which  other  things,  such  as  the  flux,  can  be  easily 
calculated.  It  would  be  a  grave  error  to  say  that  if  one  square 
foot  of  a  wall  of  a  room  photometers,  say  a  Vz  candle,  and 
if  there  are  1000  sq.  ft.,  there  would  be  an  equivalent  of  500 
candles  in  that  room,  in  the  usual  sense.  All  of  the  calcula- 
tions from  surface  sources  (reflecting  walls,  windows,  etc.) 
to  equivalent  point  sources  (lamps)  or  the  reverse  should  be 
made  by  first  ascertaining  the  value  of  the  flux,  from  which 
it  is  then  very  easy  to  transfer  to  either  surfaces  or  points. 
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In  making  photometric  calculations  of  surfaces,  such  as  the 
walls  of  a  room  which  are  too  large  to  be  considered  as  points 
and  too  small  to  be  considered  as  infinitely  large,  difficulties 
sometimes  arise  concerning  the  apparent  candle-power  and  hence 
the  illumination  of  an  object  by  these  walls,  but  not  concerning 
the  flux.  The  flux  issuing  from  such  surfaces  is  of  course  the 
same  per  square  foot  no  matter  how  large  or  small,  as  it  depends 
only  on  the  illumination  (flux  density)  issuing  from  it,  as  cal- 
culated from  formulas  (15)  or  (16).  Moreover,  the  flux  is  in- 
dependent of  whether  the  light  is  directed  or  diffused,  or  how 
it  is  diffused,  that  is,  no  matter  what  directions  the  rays  may 
have  after  leaving,  as  long  as  they  all  pass  through  this  same  area 
and  therefore  have  the  same  flux  density.  For  a  room,  however, 
an  approximation  of  the  average  candle-power  value  or  reflect- 
ing value  of  the  walls  on  an  object  in  the  room,  may  be  obtained 
as  follows.  It  was  shown  above  that  the  illumination  in  foot- 
candles  falling  on  a  surface,  say  a  table,  book,  etc.,  from  an 
infinitely  large  luminous  surface,  such  as  the  sky,  is  the  same 
as  the  foot-candles  (or  flux  density)  issuing  from  that  large 
surface  itself.  Also  that  an  infinitely  large  surface  is  equiva- 
lent to  a  hemisphere  of  the  same  surface  around  the  table,  book, 
etc.,  as  a  center.  Now  any  half  of  such  a  room  may  be  con- 
sidered to  be  approximately  such  a  hemisphere.  Hence  a  book 
or  table  in  the  middle  of  a  room  will  receive  from  those  walls 
an  illumination  in  foot-candles  equal  to  the  average  foot-candles 
(flux  density)  issuing  from  the  walls  which  form  this  hemis- 
phere around  it.  Hence  if  the  walls  send  out  an  "illumination'* 
of  an  average  of  say  2  foot-candles,  then  a  book  or  table  illumi- 
nated thereby  will  receive  2  foot-candles.  This  value  of  course 
refers  to  light  from  the  walls  only,  as  for  instance  in  the  case  of 
concealed  lamps  or  indirect  lighting;  any  direct  light  from  free 
lamps  that  may  be  in  the  room,  or  that  of  daylight  from  a  win- 
dow, must  of  course  be  added  to  this  value. 

The  above  conclusion  also  affords  a  convenient  method  of 
measuring  the  average  ''illumination"  issuing  from  the  walls  of 
a  room.  Place  a  photometer  screen  in  the  middle  of  the  room 
facing  the  half  of  the  room  which  is  to  be  photometered.  It  must 
be  completely  exposed  on  one  side  and  must  have  no  edges, 
mirrors,  or  other  obstructions,  as  it  must  receive  the  light  from 
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the  whole  hemisphere.  Photometer  this  as  usual,  with  a 
known  light  on  the  other  side,  and  from  the  candle-power  and 
distance  (in  feet)  of  the  lamp  calculate  the  illumination  in  foot- 
candles  ;  this  value  will  then  be  the  average  reflected  from  the 
walls  of  that  hemisphere. 

It  may  sometimes  be  of  interest  to  know  the  amount  of  flux 
of  daylight,  sunlight,  moonlight,  light  in  fog,  etc.  The  writer 
has  no  data  and  the  information  he  has  found  in  books  is 
indefinite  as  to  its  meaning.  But  the  value  may  easily  be  cal- 
culated from  a  simple  measurement.  Expose  one  side  of  a  photom- 
eter screen  to  the  light  and  thereby  obtain  the  so-called  illumi- 
nation (really  the  flux  density)  in  ioot-candles.  Then  according 
to  formula  (16)  the  lumens  of  flux  in  such  a  beam  will  be  equal 
to  the  foot-candles  multiplied  by  the  cross-section  of  the  beam ; 
that  is,  the  number  of  foot-candles  is  the  same  as  the  number  of 
lumens  per  square  foot,  because  foot-candles  are  in  fact  flux 
densities.  Formula  (15)  gives  this  result  in  spherical  candles 
instead  of  lumens.  If  the  above  figure  for  daylight  given  in 
Ganot's  Physics  (180  c.p.  per.  sq.  yd.)  is  correct  and  if  the 
above  interpretation  of  it  is  correct,  then  such  a  photometer, 
test  would  show  an  illumination  of  about  63  foot-candles.  Hence 
the  flux  in  every  i  sq.  ft.  of  such  a  beam  is  about  63  lumens  or 
5  spherical  candles,  as  was  calculated  above.  If  the  cost  of 
energy  for  artificial  electric  lighting  is  10  cents  per  kw.  hour, 
and  the  lamps  require  3  watts  per  spherical  candle,  the  cost  of 
5  spherical  candles  will  be  3X5X10^1000=0.15  cents  or  i^ 
mills  per  hour.  Hence  the  money  value  of  the  daylight  (based  on 
the  cost  of  replacing  it)  is  about  1/7  of  a  cent  each  hour  per 
square  foot  of  cross-section  of  the  beam.  This  result  ought  to 
induce  us  to  appreciate  the  great  money  value  of  this  free  gift 
of  nature.  Architects  and  decorators  should  consider  this  result 
in  designing  windows   and  light-reflecting   interior   decorations. 

In  conclusion  the  writer  wishes  to  repeat  that  many  of  the  above 
calculations  of  light  are  necessarily  only  approximate,  as  the 
exact  conditions  are  never  fulfilled.  However,  they  are  prob- 
ably sufficiently  approximate  for  the  purposes  of  the  illuminating 
engineer,  most  of  whose  calculations  concerning  illumination  do 
not  permit  of,  nor  do  they  require,  great  accuracy. 
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appj:ndix. 
In  the  following  table  all  the  above  formulas  together  with 
^ome  others  to  make  the  set  complete,  have  been  reduced  to 
their  simplest  forms,  and  arranged  conveniently  for  rapid  refer- 
ence; they  have  also  been  properly  classified  to  avoid  mistakes 
in  selecting  the  proper  one  for  any  particular  case.  The  ref- 
erence numbers  show  where  they  are  described  in  the  text. 

For  all  sources  (points,  lines  or  surfaces)  : 

I  lumen  =  0.0796  spherical  candles  (12) 

i        lumens  =  12.6  X  spherical  candles  (13) 

lumens  =  foot-candles  X  sq.  ft.  (16) 

I  spherical  candle  =12.6  lumens  (11) 

spherical  candles  =  0.0796  X  lumens  (14) 

spherical  candles  =  0.0796  X  foot-candles  X  sq.  ft.  (15) 

-  ,,  lumens 

foot-candles  = -^ —  (16) 

sq.  feet 

(         .    \         1,  ^  spherical  candles 

foot-candles  =  12.6—^- -. (is) 

square  feet 

,.     ,  lumens 

square  feet  =  -, — 7, —  (16) 

^  toot-candles 

^     ,  ^  spherical  candles  ,  ,     ^ 

square  feet  =  12.6  -^—^ -7^ (is) 

foot-candles  ^   ^ 

Solid  angle : 

I  absolute  unit  =^  0.0796  sphere  units 

( \  •    absol'iite  units  =  12.6  X  sphere  units 

sq.  feet  ,   ^ 

absolute  units  =^  -^ — n—  (4) 

feet',  ^^^ 

I  sphere  unit  ^12.6  absolute  units 

sphere  units  =  0.0796  X  absolute  units 

sq    feet 
,        sphere  units  =  0.0796  ^^^p-  (4) 

For  point  sources  only:     . 

.  candles  X  sq.  feet  ,     . 

lumens  = ~ — ^ (10) 

feet 

lumens  =  cp.  X  absolute  units  solid  angle  (2) 

lumens  =  12.6  X  (mean)   candles   (only  for  whole 

sphere)  '     '  (8),  (20) 

lumens  =  ft.-cand.  X  feet^  X  abs.  units  solid  angle 
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lumens  =12.6   X   foot-candles   X    feet''   (only  for 

whole  sphere) 

,      .     ,         J,                     ^  candles  X  sq.  ft.  .   . 

spherical  candles  =  0.0796  ^ — -o (9) 

spherical  candles  =  cp.  X  sphere  units  (2) 

spherical  candles  =  (mean)  candles  (only  for  whole 

sphere)  (7) 

spherical  candles  =  ft.-cand.  X  feet^  X  sphere  units 
spherical  candles  =  foot-candles  X  feet^   (only   for 

whole  sphere) 

candles  =  foot-candles  X  feet^  (6) 

lumens  X  feet'^  ,     . 

candles  = ^ — : (10) 

sq.  feet 

^  spherical  candles  X  feet^  .    . 

candles  =12.6  ;; (9) 

square  feet 

candles  =  lumens  -^  absolute  units  solid  angle  (2) 

candles    (mean)    =   0.0796    X    lumens    (only  for 

whole  sphere)  (8),  (20) 

candles  =  spherical  candles  -^  sphere  units  (2) 

candles  (mean)  =  spherical  candles  (only  for  whole 

sphere)  (7) 

J,  candles  .,. 

toot-candles  =  —. — -^-  (6) 

feet' 

-     ,         J,  lumens 

foot-candles  = 


foot-candles  ^ 


feet^  X  absolute  units  solid  angle 
^  lumens  ,      , 

spherical  candles 


foot-candles  =  0.0796  — — ^   (only  for  whole  sphere)  (17) 


feet''  X  sphere  units 


-    ,          ,,            spherical  candles    ,      ,    r        11        1        x 
loot-candles  =  -^ 7 — 2 (only  for  whole  sphere) 

-    ^        lumens  X  feet'  , 

square  feet  = r^ ( 10) 

candles 

.  ^  spherical  candles  X  feet'  ,    . 

square  feet  =-  12.6  — ~ (9) 

candles 

.      „        candles  X  square  feet  ,      . 

feet   =  -, ^— ( 10) 

lumens 

^      -  ,  candles  X  square  feet  ,    v 

feet   =  0.0796  r — • — ,  ., (9) 

spherical  candles 


i 
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-  2 candles  .    . 

foot-candles 

-  o  lumens 
feet^  = 


ft.-cand.  X  absolute  units  solid  angle 

feet^  =^  0.0796  7; — ^ ,T—   (only  for  whole  sphere) 

foot-candles 

.      2 spherical  candles 


ft.-cand.  X  sphere  units 


-      .y        spherical  candles    .     .     .         ^    ^        ^ 

feet   =  -^—7 r^ (only  for  whole  sphere) 

root-candles 

absolute  units  solid  angle  -—  lumens  -r-  cp.  (2) 

lumens 


absolute  units  solid  angle  = 

i 

sphere  units 

sphere  units 


ft.-cand.  X  feef 
sphere  units  =  spherical  candles  -r-  cp.  (2) 

spherical  candles 


ft.-cand.  X  feef 

For  iniinite  straight  line  sources  only. 

("Ap.  cp."  here  always  refers  to  the  apparent  candle-power 
of  the  whole  infinite  line  at  the  respective  distances ;  "per  foot" 
refers  to  one  foot  of  the  source,  and  "feet"  refer  to  the  per- 
pendicular distances  from  the  source.  "Foot-candles"  refer  to 
the  flux  density  (or  illumination)  of  the  beam  at  the  respective 
distances.) 

ap.  cp.  .      V 

lumens  per  foot  =  6.28 —7 — —  (21) 

lumens  per  foot  =  6.28  X  foot-candles  X  feet  (18) 

ap.  cp. 
spherical  caudles  per  foot  =  0.5  — ^ — — - 

spherical  candles  per  foot  =  0.5  X  foot-candles  X  feet 

apparent  candles  =  0.159  X  lumens  per  foot  X  feet       (21) 

apparent  candles  ^  2  X  spherical  candles  per  foot  X  feet 

apparent  candles  =^  foot-candles  X  feef 

lumens  per  foot  .     . 

foot-candles  =  0.159 7^ — (lo) 

spherical  candles  per  foot 
foot-candles  =  2 


foot-candles  = 


feet 
ap.  cp. 
feet' 
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lumens  per  foot  ,  „. 

feet  =  0.159  -> — r^~~Yy (18) 

^^     foot-candles 

spherical  candles  per  foot 

feet  =  2  — 

foot-candles 

feet  =  6.28  5 gg^'^P-       ^  (21) 

lumens  per  foot 

feet  =  0.5  ^^*  ^^' 


feef^ 


spherical  candles  per  foot 
ap.  cp. 


foot-candles 


Por  short   straight   line   sources   only,    and   only    for    relatively 
long  distances : 

("Apparent  candles"  here  refers  only  to  those  perpendiculai 
io  the  line  at  any  distance.     "Foot-candles"  refer  to  the  flux  den- 
sities (or  illumination)  of  the  beam  at  the  respective  distances.) 
lumens  =  9.87  X  apparent  candles  (23) 

lumens  ^-  9.87  X  foot-candles  X  feet^ 

Spherical  candles  =  0.785  X  apparent  candles  (23a) 

spherical  candles  =  0.785  X  foot-candles  X  feet^ 
apparent  candles  =  o.  loi  X  lumens  (23) 

apparent  candles  =  1.27  X  spherical  candles  (23a) 

apparent  candles  =  foot-candles  X  feet^ 
apparent  candles 


foot-candles  -~ 


feet'^ 


.     ^         -,  lumens 

foot-candles  =  o.ioi  ^--. — k- 

feet^ 

,  ,,  spherical  candles 

root-candles  =f  1.27  -^ 


feet^ 


feet^ 
apparent  candles 


feet""^        O.IOI 
feet"*  =1.27 


foot-candles 
lumens 


foot -candles 

spherical  candles 
foot-candles 


For  infinite  Hat  surface  sources  only : 

("Ap.  cp."  here  always  refers  to  the  apparent  candle-power 
of  the  whole  infinite  surface  at  one  foot  distance.     The  rays  are 
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all  parallel,  hence  the  flux  density  (or  illumination)  is  the  same 
for  all  distances,  and  applies  to  either  the  source  or  the  beam. 
The  flux  refers  to  that  on  one  side  only). 

lumens  per  square  foot  =  ap.  op.  at  i  foot  (22) 

lumens  per  square  foot  =  foot-candles  (19) 

spherical  candles  per  square  foot  =  0.0796  X  ap.  cp. 

at  I  ft. 
spherical  candles  per  square  foot  =  0.0796  X  foot-candles 
apparent  candles  at  i  foot  =  lumens  per  square  foot       (22) 
apparent  candles  at  i  foot  =  12.6  X  spherical  can- 
dles per  sq.  ft. 
apparent  candles  at  i  foot  =  foot-candles 
foot-candles  =  lumens  per  square  foot  (19) 

foot-candles  =  12.6  X  spherical  candles  per  square  foot 
foot-candles  =  ap.  cp.  at  i  foot 
feet  =  any  number  (immaterial) 

For  small  Hat  surface  sources  only,  and  only  for  relatively  long 
distances : 

(The  "apparent  candles"  refer  only  to  the  source,  and  only  to 
the  direction  perpendicular  to  the  surface,  but  at  any  distance. 
The  ''foot-candles"  refer  to  the  flux  density  (or  illumination) 
of  the  source  or  to  that  of  the  beam,  as  stated.  The  flux  refers 
to  that  on  one  side  only.) 

lumens  =  3.14  X  apparent  candles  (24) 

lumens  =  3.14  X  foot-candles  (of  beam)  X  feet^ 
spherical  candles  =  0.25  X  apparent  candles  (25) 

spherical  candles  =  0.25  X  foot-candles  (of  beam)  X  feet'^ 
apparent  candles  =  0.318  X  lumens  (24) 

apparent  candles  =:  4  X  spherical  candles  (25) 

apparent  candles  =  foot-candles  (of  beam)  X  feet^ 
apparent    candles    =    0.318    X    foot-candles    (of 

source)  X  sq.  ft.  (27) 

candles  per  square  inch  =  0.00221    X   foot-candles 

(of  source)  (26) 

.    .,         N        apparent  candles 
foot-candles  (of  beam)  = ^ — ^i 

,,       ,   - ,         N  o   lumens 

foot-candles  (of  beam)  =  0.318   —1 — -j- 
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,    ^  ,         .            spherical  candles 
foot-candles  (of  beam)  ==  4  — r    f2 

,,       .    .  -  apparent  candles 

foot-candles  (of  source)  ^  3.14  -^^ -^ — - — 

square  feet 

foot-candles  (of  source)  =452  X  candles  per  square 

inch  (26) 

.  apparent  candles  .      , 

square  feet  =  -^.14  -. ^-^ — r-. ^—^ r  (27) 

^  foot-candles  (of  source) 

.      .,  „  lumens 

feet   :=  0.31 


feet^ 


foot-candles  (of  beam) 
spherical  candles 


foot-candles  (of  beam) 
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DISCUSSION. 

President  Bell: — I  wish  to  call  the  attention  of  the  Society  to  a 
very  valuable  piece  of  work  which  was  done  by  Dr.  Hyde  with 
respect  to  the  comparison  between  a  luminous  surface  and  its 
point  value.  Dr.  Hyde  found  that  any  surface  or  hnear  source, 
viewed  from  a  point  distant  from  it  more  than  five  times  the 
linear  dimension  of  that  source,  gives  practically  a  point  distribu- 
tion within  about  one  per  cent. 

Dr.  Clayton  H.  Sharp: — This  paper  takes  up  a  subject  in 
which  I  have  been  much  interested,  namely,  the  clarifying  of  our 
notions  regarding  what  goes  on  in  the  distribution  of  light,  not 
only  from  sources  such  as  are  ordinarily  dealt  with,  point  sources, 
but  from  surfaces,  and  emphasizes  the  value  of  the  notion  of 
luminous  flux. 

As  I  understand  it,  Mr.  Hering  has  attempted  to  simplify  these 
matters,  to  make  them  clear,  and  to  bring  out  relations  which 
are  not  generally  understood.  Now  I  wish  to  express  my  appre- 
ciation of  the  large  amount  of  the  very  valuable  matter  which 
this  paper  contains.  I  wish  also  to  deprecate  certain  aspects 
which  the  paper  has  taken  on.  I  do  not  think  that  Mr.  Hering 
has  in  all  cases  made  things  simpler  by  the  treatment  which  he 
has  given  to  the  subject.  Taking  up  first  the  three  more  im- 
portant measures  and  their  units,  they  are : 


DISCUSSION  679 

Flux,  or  radiation :  Common  unit,  i  spherical  candle ;  official 
unit,  I  lumen. 

Intensity:  Common  unit,  i  candle;  official  unit,  i  hefner. 

Illumination:  Common  unit,  i   foot-candle,  official  unit  i  lux. 

Now,  in  one  way  it  is  true  that  one  can  make  the  unit  of 
flux  I  spherical  candle,  but  I  do  not  think  that  has  been  done. 
I  think  that  what  Mr.  Hering  is  giving  here  is  a  new  unit,  the 
spherical  candle  as  a  unit  of  flux.  That  is  something  we  have 
known  nothing  about  formerly,  so  that  instead  of  simplifying 
things  he  is  adding  something  which  we  really  do  not  need. 

Now,  we  have  iiai.!  the  mean  spherical  candle-power  of  a  source 
of  light,  that  is,  its  average  intensity  in  all  directions  in  space. 
We  can  all  understand  what  that  means.  That  has  been  consid- 
ered as  a  unit  of  nitensity. 

We  have  already,  and  have  used,  as  a  unit  of  flux,  the  lumen 
which  is  here  called  the  ''official  unit."  By  what  right  it  is  called 
the  ''official"  unit  I  can  guess,  but  I  do  not  know.  The  lumen  as 
a  unit  of  flux  we  understand  to  be  the  flux  emitted  by  a  source 
of  unit  intensity,  in  a  unit  solid  angle.  It  has  been  defined  and 
accepted  as  such,  and  works  out  conveniently  in  our  illuminating 
engineering  work,  and  is  a  useful  thing  to  have.  I  do  not  know 
why  a  new  unit  of  flux  should  be  interjected  here,  namely,  the 
spherical  candle,  which  far  from  being  "common"  is  most  un- 
common as  such. 

In  the  next  line  the  "official"  unit  of  intensity  is  given  as  a 
hefner.  Of  course,  our  German  friends  would  like  the  hefner 
to  be  considered  the  official  unit  of  intensity,  but  it  is  not  the  of- 
ficial unit  of  intensity  in  this  country,  and  I  submit  that  we  are 
very  much  interested  in  what  is  the  official  unit  in  this  particular 
country.  We  are  not  so  much  interested,  perhaps,  in  what  some 
lopsided  congress  en  the  other  side  of  the  water  has  tried  to 
legislate  into  an  official  standard. 

In  the  same  way  the  lux  is  given  as  the  "official"  unit  of  illu- 
mination. Now,  so  far  as  I  know  the  only  even  semi-official 
statement  as  regards  the  lumen  and  the  lux,  which  we  have  on 
record  in  this  country,  is  given  in  the  Rules  of  the  Standardiza- 
tion Committee  of  the  American  Institute  of  Electrical  Engineers, 
and  in  these  Rules  the  lumen  is  defined  in  terms  of  the  candle 
with  which  we  have  to  deal,  and  the  unit  of  intensity  is  defined 
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as  the  candle  as  maintained  by  its  proper  custodian,  the  Bureau  of 
Standards  in  Washington.  Further  than  that  we  need  not  go 
except  in  the  gas  Hghting  industry,  where  we  have  to  deal  with 
legal  enactments  on  the  subject,  which  compel  us  to  resort  to 
the  old  standard  candle,  as  such,  and  to  use  it  as  such. 

I  do  not  quite  agree  with  the  statement  a  little  further  on  that 
"Flux  of  light  is  quite  analogous  to  flux  of  magnetism,  or  to 
flux  or  flow  of  electricity,  more  generally  called  a  current  of  elec- 
tricity." I  think  it  is  analogous  to  the  electro-static  flux  about 
a  charged  conductor,  or  more  properly  the  electro-static  field  of  a 
conductor  connected  to  one  pole  of  an  alternator. 

I  fail  to  see  how  it  conduces  to  the  simplification  of  our  units 
and  our  practice  to  introduce  a  unit  solid  angle  which  has  not 
become  the  accepted  unit  solid  angle.  To  be  sure,  we  can  get 
a  unit  of  flux  in  sfiherical  candle-power,  which  is  the  new  unit 
Mr.  Hering  proposes,  if  we  introduce  a  new  unit  solid  angle, 
but  how  that  all  conduces  to  simplification  is  a  thing  that  I  do  not 
see,  but  I  can  see  how  things  will  be  simpler  if  we  stick  to  one 
thing  than  they  wiU  be  if  we  add  things  which  are  not  required. 
The  introduction  of  another  unit  gives  an  additional  series  of 
equations  so  that  we  have  presented  to  us  two  equations  for  the 
same  thing,  which  I  think  is  quite  confusing. 

Mr.  Hering  makes  a  distinction  between  our  "common"  lumens 
and  the  "official"  lumens,  which  I  suppose  are  not  common 
lumens,  but  with  which  they,  the  "official"  lumens,  are  connected 
by  a  factor  of  0.88.  I  have  commented  already  on  the  status  of 
the  lumen  in  this  country,  as  defined  by  the  American  Institute 
of  Electrical  Engineers.  The  lumen,  it  is  stated  here,  is  based 
on  the  hefner  unit.  Now,  there  has  been  a  congress,  which  I 
have  referred  to  as  a  lopsided  one — because  a  number  of  coun- 
tries of  some  importance,  this  one  included,  were  not  represented 
— in  which  the  lumen  was  defined  in  this  way :  That  it  was  based 
on  the  French  unit,  the  bougie  decimale,  and  the  statement  was 
made  that  for  practical  purposes  the  bougie  decimale  could  be 
represented  by  the  hefner  unit. 

Now,  we  know  by  actual  comparisons  of  the  candlepower  of 
incandescent  lamps,  as  measured  in  France,  where  their  value  is 
given  in  the  bougie  decimale,  and  where  they  should  know  what 
the  bougie  decimale  is,  if  any  one  knows  it,  with  the  candlepower 
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of  the  same  lamps  measured  in  this  country  that  there  Is  no 
practical  difference,  no  really  determinable  difference  between 
their  bougie  decimale  and  our  standard.  The  congress,  which 
was  held  at  Geneva,  must  have  been  wrong  in  saying  that  the 
bougie  decimale  and  the  hefner  were  identical  in  value,  because 
if  we  defined  the  lumen,  official  or  unofficial,  basing  it  on  the 
bougie  decimale,  as  the  unit  of  intensity,  we  get  the  exact  value 
for  practical  purposes  which  we  have  in  our  ''common"  lumen, 
and  the  lumen  which  is  based  on  hefner  units  becomes  the  un- 
common one,  which  would  be  used  in  Germany  and  in  any  of 
its  scientifically  dependent  countries  only. 

I  think  there  is  a  chance  for  misconception  arising  from  Mr. 
Hering's  radiation  diagrams.  The  radiation  from  a  point  is 
shown  to  be  a  sphere,  the  radiation  from  a  line  source  is  shown 
to  be  a  cylinder.  In  the  case  of  a  line  source  in  which  all  the 
radiation  came  out  riormal  to  that  source,  the  relation  would  be 
true,  but  we  do  not  have  that  kind  of  sources.  Consequently 
the  diagram  which  is  shown  for  the  line  source,  or  for  a  portion 
of  the  line  source,  is  not  correct,  because  a  line  source  will  radiate 
in  all  directions,  except  exactly  along  its  axis.  In  the  case  of  a 
very  long  line  source,  one  cannot  assume  the  law  of  inverse 
squares  to  hold  for  the  whole  line. 

As  the  president  has  just  pointed  out.  Dr.  Hyde  has  established 
the  relation  that  at  five  times  the  hngth  of  the  source,  from  the 
source,  one  can  assume  the  inverse  law  to  hold.  In  the  case  of 
a  vacuum  tube,  at  five  times  the  linear  dimension  of  that  source 
away  from  it,  it  can  be  photometered  with  a  fair  degree  of  ac- 
curacy. It  acts  like  a  point  of  light,  at  a  distance  from  it, 
just  as  does  a  "searchlight."  That  is  to  say,  it  radiates  in  all 
directions,  which  means  that  the  diagram  given  by  Mr.  Hering 
for  a  line  source  is  not  a  correct  one.  Each  element  of  the  line 
source,  like  the  vacuum  tube,  will  radiate  in  all  directions,  and 
a  small  section  of  it  can  be  considered  as  the  center  of  the  sphere. 
A  similar  remark  holds  with  the  plane  surface.  A  plane  surface 
will  radiate  in  all  directions  in  general,  excepting  exactly  parallel 
with  its  surface. 

There  are  a  great  many  other  things  in  this  paper  which  are  of 
very  great  value,  which  deserve  very  careful  study,  and  from 
which  the  meat,  I  am  sure,  cannot  be  extracted  without  a  great 
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deal  of  attention — more  than  I  have  been  able  to  give  the  paper — 
and  I  think  we  are  very  greatly  indebted  to  Mr.  Hering  for  call- 
ing these  matters  to  our  attention  and  putting  them  in  such  a 
shape  that  we  can  use  them. 

Mr.  Alfred  A.  Wohlauer: — Mr.  Hering's  paper  seems  to  the 
speaker  to  be  one  of  the  most  notable  presented  at  this  conven- 
tion, as  it  gives  to  the  illuminating  engineer  a  clear  conception  of 
the  fundamental  units  of  our  science.  It  is  especially  valuable  in 
view  of  the  existing  inaccuracy  in  regard  to  sources  of  light 
which  cannot  be  considered  as  point  sources  but  must  be  recog- 
nized as  lines  or  surfaces  of  light. 

However,  in  order  to  simplify  the  calculations  of  the  illuminat- 
ing engineer,  it  seems  to  me  important  to  distinguish  only  be- 
tween the  two  ideas  of  light  and  illumination.  Light,  the  cause 
or  as  Mr.  Hering  pointed  out,  a  power,  should  be  measured  in 
flux  values,  and  illumination,  the  effect,  in  flux  densities.  In  this 
connection,  I  wish  to  refer  to  Mr.  Hering's  paper  where  he  says : 
"A  statement  of  the  amount  of  flux  alone,  without  any  further 
specifications,  is,  however,  not  sufficient  for  industrial  purposes; 
what  enables  one  to  see  is  not  the  amount  of  flux,  but  its  density, 
hence  it  is  necessary  to  specify  the  density  also,  or  else  the  flux 
may  be  useless  for  the  specific  purpose."  What  we  see  by,  is  the 
illumination,  which  is  a  density  and  should  be  measured  as  such, 
light,  however,  the  cause  of  illumination,  need  only  be  given 
as  a  flux,  which  can  be  utilized  in  many  different  ways.  It  can 
be  concentrated  on  a  small  area  or  diffused  over  a  wide  range. 
Moreover  it  is  not  necessary  for  our  calculations  to  state  its  orig- 
inal density,  either  m  candlepower  or  foot-candles. 

In  his  paper  Mr.  Hering  says : 

"Suppose  it  is  desired  to  illuminate  a  room  having  an  inside 
surface  of  i,ooo  sq.  feet  to  an  average  of  2  foot-candles.  Accord- 
ing to  formulas  (i6)  and  (15),  the  total  flux  required  will  be 
TOGO  X  2  =  2000  lumens,  or  (1000  X  2)  -^  tt  =  160  spherical 
candles.  The  latter  figure  shows  directly  that  about  10  lamps 
of  16  mean  candles  will  give  the  desired  flux.  The  same  figure 
can  be  obtained  less  directly  from  the  lumens  by  means  of  formula 
(8).  This  value  of  course  refers  only  to  the  direct  light  from 
the  lamps;  the  walls  and  ceiling  will  also  illuminate  each  other, 
hence  somewhat  less  than  the  above  value  of  candle-power  will 
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suffice;  this  correction  is  described  in  text-books  and  need  not 
be  explained  here.'' 

Now  if  a  plane  having  an  area  of  1,000  sq.  feet  is  illuminated 
by  a  certain  number  of  mean  spherical  candle-power  utilizing 
the  total  flux,  and  if  this  plane  surface  be  bent  into  a  sphere  of 
equal  contents,  does  it  not  seem  strange  that  the  illumination 
on  this  surface  is  larger  than  on  the  plane,  and  that  less  light  and 
less  flux  would  be  needed  to  illuminate  the  same  area,  with  the 
same  amount  of  illumination? 

Dr.  B.  P.  Hyde: — Mr.  Hering  has  given  us  what  I  think  is  a 
very  valuable  co-efficient  for  the  conversion  factor,  namely,  the 
relation  between  foot-candles  and  candles  per  square  inch,  but 
I  do  not  believe  that  I  can  quite  agree  with  Mr.  Hering  in  the 
statement  made  by  him  reading:  "It  will  be  shown  below  that 
the  other  unit  in  which  flat  sources  of  light  are  often  expressed 
and  measured,  namely,  'candle-power  per  square  inch,'  often 
called  the  brightness,  is  an  unnecessary  and  misleading  unit,  which 
introduces  complications;  the  unit  of  illumination  can  always 
be  used  instead  of  it." 

Now,  according  to  our  definition  of  illumination,  a  perfectly 
black  surface  could  be  very  highly  illuminated.  The  intrinsic 
brightness  of  that  surface,  considered  as  a  light  source,  however, 
would  be  o.  The  conversion  factor  which  Mr.  Hering  has  given 
is  the  candles  per  square  inch  of  a  perfectly  diffusing  surface, 
with  an  absorption  co-efficient  of  o  and  to  that  extent  the  con- 
version factor  is  of  value,  but  there  is  an  inherent  and  essential 
difference  between  illumination  and  intrinsic  brightness, 

I  should  like  to  take  advantage  of  this  opportunity  to  call 
attention  to  a  point  which  I  think  could  well  be  considered  by 
our  Committee  on  Nomenclature  and  Standards,  in  regard  to 
our  idea  of  flux  density,  or  flux.  Practically,  we  use  flux  one 
way,  but  we  define  it  in  a  slightly  different  way.  Unless  I  arp 
misinformed,  the  only  congress — to  which  Dr.  Sharp  has  referred 
as  a  lopsided  congress,  and  which  certainly  was  a  lopsided 
congress — the  only  congress  which  defined  these  terms  specifically 
was  the  Geneva  Congress,  in  which  the  idea  of  flux  was  specific- 
ally stated  in  terms  of  a  solid  angle. 

Now,  it  seems  to  me  that  the  proper  way  to  define  flux  would 
be,  as  we  naturally  use  it  in  practice, — in  terms  of  the  quantity  of 
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luminous  energy  flowing  across  a  surface  of  unit  area  per  sec- 
ond. In  other  words,  make  specific  flux  a  point  function,  if 
you  will,  in  space.  If  one  wishes  to  argue  backwards  from  the 
effect  in  space  to  the  source  producing  the  flux,  he  argues  back 
correctly  through  the  solid  angle,  if  the  source  is  a  point  source ; 
if  it  is  not  a  point  source  he  argues  back  to  a  source  of  such  and 
such  candle-power,  provided  it  were  a  source.  If  the  specific 
flux  at  any  point  in  space  in  any  direction  be  defined  as  the 
quantity  of  luminous  energy  per  second  flowing  across  a  unit  area 
of  surface  normal  to  the  given  direction,  there  is  obtained  a 
definition  of  flux  density  which  is  perfectly  general,  and  which, 
moreover,  conforms  to  actual  practice.  The  total  flux  from 
the  source  would  then  be  the  integral  of  the  flux  density  taken 
over  a  closed  surface  enclosing  the  source.  If  the  source  were  a 
point  source,  or  an  extended  source,  or  if  the  closed  surface 
contained  three  or  four  sources,  one  would  get  the  total  flux 
over  that  closed  surface  from  all  the  enclosed  sources.  At  any 
point  in  space,  one  v/ould  be  dealing  with  the  conditions  in  space, 
and  there  would  be  no  difference  whether  the  luminous  energy 
came  from  an  individual  source  or  from  several  sources,  or 
even  whether  in  addition  some  of  the  luminous  energy  was  the 
result  of  reflections  from  walls  or  ceiling. 

I  also  want  to  second  what  Dr.  Sharp  has  said  in  regard  to 
the  statement  as  to  the  spherical  candle  not  being  the  coninidn 
unit  of  flux.  Moreover,  I  do  not  believe  we  can  say  thar  tlie 
official  unit  is  a  lumen  based  on  the  hefner  candle,  because  the 
so-called  official  unit, — if  I  get  my  information  from  the  same 
source  as  Mr.  Hering  obtained  his, — was  that  defined  by  the 
Geneva  congress,  and  I  should  say  that  the  Geneva  congress 
was  not  in  any  sense  official. 

In  reference  to  what  Dr.  Sharp  has  said  in  regard  to  the 
diagrams,  I  believe  that  Dr.  Sharp  did  not  use  a  very  happy 
illustration  of  the  vacuum  tube  as  a  line  source,  in  the  sense  of 
having  a  cylindrical  radiation.  One  must  distinguish  between  a 
line  source  that  is  a  surface,  and  that  would  radiate  cylindrically, 
and  a  line  source  that  is  made  up  of  a  number  or  volume  of 
points  radiating  in  all  directions.  If  I  recall  properly  Dr. 
Sharp  said  that  for  a  line  source  there  would  be  radiation  in 
every  direction  except  along  the  line.     Such  would  be  true  for 
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a  surface  like  a  Neinst  filament,  which  would  be  a  better  illus- 
tration. For  the  vapor  tube  there  is  a  considerable  radiation  along 
the  line, — in  fact  almost  as  much  as  in  any  other  direction, 

I  want  to  state  that,  although  I  must  confess  to  have  worked 
out  a  geometrical  theory  of  radiating  surfaces,  Dr.  Bell  himself 
has  drawn  the  practical  conclusion  which  he  stated  in  regard  to 
the  numerical  relationship.  I  do  not  recall  the  data  sufficiently 
well  myself  to  say  whether  it  is  right  or  wrong,  but  I  am  sure 
if  Dr.  Bell  has  drawn  the  conclusion,  it  must  be  right.  For  a 
circular  radiating  surface  there  certainly  is  a  very  definite  re- 
lationship between  the  diameter  of  that  surface  and  the  distance 
from  the  surface  at  which  one  can  assume  the  inverse  square 
law  to  hold,  but  I  have  never  stated  the  conclusion  quite  so  con- 
cisely, or  so  practically,  as  Dr.  Bell  has  done. 

Mr.  B.  L.  Elliott: — In  regard  to  the  definition  of  photometric 
units:  the  fact  that  such  authorities  as  Mr.  Hering  and  Dr. 
Sharp  are  directly  opposed  in  their  individual  views  as  to  the 
most  common  unit  I  think  is  sufficient  evidence  of  the  chaotic 
state  still  existing  in  the  mensuration  of  light.  The  term  "mean 
spherical  candle-power,"  or  "spherical  candle,"  as  Mr.  Hering 
puts  it,  is  older  than  lumen,  and  far  more  generally  used  at  the 
present  time ;  and  so  far  as  it  has  been  understood  at  all,  it  has 
been  taken  to  refer  to  quantity,  or  "flux,"  of  light.  When,  for 
example,  a  particular  lamp  is  said  to  give  8  spherical  candle- 
power,  and  another  16,  there  is  no  doubt  about  the  meaning  in- 
tended, namely,  that  the  latter  gives  twice  as  much  light  as  the 
former.  It  is  evident  that  one  spherical  candle  is  the  unit,  of 
which  8  and  16  are  multiples.  I  believe  that  the  spherical  candle 
as  a  unit  of  flux  will  be  understood  by  ninety-nine  where  there 
would  not  be  one  found  who  would  know  the  meaning  of  lumen. 
The  comprehension  of  the  difference  between  light  as  a  quantity, 
or  flux,  as  commonly  expressed  by  the  term  "spherical  candle," 
and  as  a  mere  intensity,  as  expressed  by  the  common  term  candle- 
power,  is  none  too  common  at  the  present  time,  and  has  been 
sufficiently  difficult  to  promulgate.  It  seems  to  me  unwise  to 
cast  doubt  upon  the  term  by  any  hair-splitting  considerations  of 
pure  mathematics.  What  illuminating  engineering  stands  most 
in  need  of  at  the  present  time  is  a  true  comprehension  of  the 
meaning  of  the  terms  and  measurements  with  which  it  deals. 
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The  term  spherical  candle-power  has  the  sanction  of  usage,  and 
after  all  is  said  and  done,  that  is  the  most  potent  authority  in 
such  matters. 

Dr.  Sharp  objects  to  considering  the  hefner  as  official,  since 
it  is  used  only  in  Germany.  I  should  like  enlightenment  as  to 
where  we  go  for  our  official  ''candle-power"  standard  in  this  coun- 
try. I  strongly  suspect  that  search  would  land  one  in  the  Reich- 
anstalt,  in  Berlin.  I  find  on  reading  the  report  of  the  committee 
on  standards  that  candle-power  means  three  different  things  in 
three  different  countries.  Whatever  else  may  be  said  of  the 
hefner,  it  at  least  has  the  virtue  of  meaning  one  particular  thing. 

As  to  Dr.  Sharp's  criticisms  of  the  radiation  diagrams,  I  would 
call  attention  to  the  fact  that  Mr.  Hering  is  professedly  dealing 
with  pure  mathematics,  and  that  a  mathematical  line  is  of  infinite 
length,  and  a  surface  of  infinite  extent.  It  is  a  perversion  of 
his  statements  to  consider  the  physical  representation  of  these 
quantities  as  the  actual  quantities  with  which  the  author  deals. 
His  mathematical  reasoning  is  plainly  correct  if  properly  inter- 
preted. 

Mr.  D.  McFarlan  Moore: — I  consider  the  paper  a  timely  re- 
sume of  the  present  day  condition  of  our  units,  with  the  emphasis 
on  the  present  day,  because  an  examination  of  the  titles  of  the 
papers  at  this  convention  shows  that  about  30  per  cent,  of  them 
deal  either  directly  or  indirectly  with  natural  light,  which  indi- 
cates that  our  final  standards,  therefore,  must  be  standards 
which  in  some  way  are  based  on  natural  light. 

In  my  opinion,  all  of  our  present  day  standards  of  light  are 
only  temporary.  I  have  hope  that  the  vacuum  tube  will  finally 
be  selected  as  the  standard,  not  only  because  it  is  most  suitable 
for  reproducibility,  but  because  of  having  a  correct  intrinsic 
brilliancy  and  correct  color  values. 

The  title  of  this  paper  is  "Calculating  and  Comparing  Lights 
from  Various  Sources."  When  I  finished  reading  it  I  wished 
there  was  another  paper,  an  addition  to  it,  entitled,  "Calculating 
and  Comparing  the  Illumination  of  Lights  from  Various  Sources." 
Such  a  paper  would  cover  a  field  of  great  practical  importance, 
and  the  method  adopted  would  probably  result  in  deducing  a  single 
numerical  figure  to  represent  each  system  of  illumination,  by 
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dividing  the  product  of  the  mean  foot-candles  and  the  area  by 
the  watts. 

Mr.  Carl  Hering: — Concerning  Dr.  Bell's  remarks,  I  hope  some 
day  somebody  will  make  a  similar  test  to  show  how  far  we  can 
trust  the  correctness  of  Lambert's  cosine  law. 

Concerning  the  remarks  of  Dr.  Sharp,  I  was  well  aware  of  the 
fact  that  he  disagreed  with  me  on  the  question  of  the  spherical 
candle;  I  wrote  the  paper  notwithstanding  this,  because  in  my 
opinion  Dr.  Sharp  is  wrong.  I  have  tried  to  limit  this  paper 
chiefly  to  facts.  It  seems  to  me  it  is  a  matter  of  fact,  a  mathe- 
matical or  physical  fact,  and  not  a  matter  of  opinion,  whether 
spherical  candles  are  measures  of  flux  or  not.  In  the  common 
expression 

lumen  =  4  tt  X  spherical  candles 
the  factor  4  it  is  a  mere  number  or  ratio  and  therefore  is  not  a 
physical  quantity,  that  is,  it  has  no  "dimensions"  in  the  language 
of  the  physicist.  Hence  according  to  one  of  the  first  principles 
of  physics,  multiplying  a  physical  quantity,  like  spherical  candles, 
by  a  mere  number,  cannot  change  its  physical  character  or  dimen- 
sions; and  as  all  equations  must  balance  physically  as  well  as 
algebraically,  it  must  necessarily  follow  as  a  physical  fact,  that 
spherical  candles  are  the  same  kind  of  a  physical  quantity  as 
lumens,  namely,  flux. 

Another  physical  proof  is  the  very  common  expression 

— - — -. — —  =  efficiency  (so-called). 

spherical  candles 

It  is  well  known  that  an  efficiency  (or  inefliciency)  is  a  mere 
number  or  ratio,  and  therefore  the  two  quantities  "watts"  and 
"spherical  candles"  must  both  be  the  same  physically,  according 
to  well  known  principles  of  physics.  But  watts  are  the  same 
kind  of  a  physical  quantity  as  lumens  are,  namely,  power  or  rate 
of  work,  hence  spherical  candles  must  also  be  the  same  physically, 
that  is,  they  are  flux. 

As  we  call  watts  per  spherical  candle  an  efficiency,  then  I  claim 
we  must  consider  spherical  candles  to  be  a  measure  of  flux.  If  any 
person  does  not  want  to  use  spherical  candles  as  a  unit  of  flux, 
he  can  cross  out  in  my  paper  the  formulas  involving  them  and 
use  only  those  in  lumens.  They  both  give  correct  results,  the 
difference  is  merely  that  some  calculations  are  simpler  when  made 
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in  terms  of  lumens,  and  others  when  made  in  terms  of  spherical 
candles. 

As  to  the  Geneva  congress,  all  I  could  do  was  to  state  the  re- 
sults as  I  found  them,  and  it  is  a  fact  that  the  only  official 
definition  of  the  lumen  was  that  of  the  congress  in  Geneva  held 
in  the  year  1896.  That  congress  was  the  first  international  body 
to  define  a  complete  and  definite  set  of  photometric  terms  and 
units,  including  their  interrelations.  Whether  that  congress  was 
strictly  official  or  not,  I  do  not  know,  but  I  believe  it  was.  It 
does  not  seem  to  me  that  it  makes  any  difference.  It  is  cer- 
tain, however,  that  the  action  of  the  Geneva  congress  was  the 
first  and  only  action  ever  taken  to  date  by  any  international  body 
on  a  complete  system  of  photometric  units,  that  it  was  the  first 
to  name  the  lumen,  and  the  first  to  point  out  that  it  was  a  true 
unit  of  flux ;  it  not  only  pointed  out  that  the  lumen  could  be  de- 
fined in  terms  of  the  candle-power  unit,  but  also  that  it  could  be 
defined  in  terms  of  the  illumination  unit,  thereby  connecting  it 
not  only  with  point  sources,  but  with  surfaces  as  well,  in  which 
latter  case  the  angle  is  not  involved  in  the  least.  Whether  the 
congress  was  official  or  not,  it  would  be  very  ungrateful  not  to 
admit  that  it  did  very  creditable,  able  and  useful  work  in  calling 
attention  to  the  usefulness  of  flux  in  photometric  calculations  and 
in  giving  us  a  rational  set  of  simply-related  units  which  we  are 
using  today,  except  that  we  have  changed  the  numerical  values. 
I  cannot  agree  that  it  is  proper  to  call  this  congress  "lopsided,"  as 
Dr.  Sharp  has  done  publicly. 

Notwithstanding  Dr.  Sharp's  statement,  I  still  maintain  that 
it  was  right  to  state  in  the  paper  that  there .  is  a  small  differ- 
ence beween  the  lumen  used  in  Germany  (where  the  hefner  is 
used)  and  the  lumen  used  in  this  country.  I  consider  our  lumen 
a  hybrid,  because  the  original  or  foreign  lumen  was  defined 
in  terms  of  the  hefner  unit,  while  we  are  using  the  same  term 
lumen  but  are  defining  it  m  terms  of  our  candle,  which  is  numer- 
ically different.  It  is  however,  not  irrational  to  do  this  provided 
it  is  clearly  understood  that  our  lumen  is  numerically  different 
from  that  of  the   foreigners  who  first  defined  and  used  it. 

As  to  Dr.  Sharp's  remarks  concerning  flux,  I  still  maintain 
that  flux  is  a  true  form  of  power,  it  is  as  correctly  convertible 
into  watts,  as  pounds  and  ounces  are  convertible  into  each  other, 
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or  feet  and  miles,  hence  luminous  flux  is  truly  analogous  to  a 
flow  of  electric  energy,  which  is  also  power.  Lumens  represent 
a  flow  or  radiation  of  energy. 

As  to  the  solid  angle.  Dr.  Sharp  criticized  my  use  of  the  sphere 
as  a  second  unit  for  solid  angle.  I  see  no  reason  why  we  should 
not  do  so,  just  as  we  use  a  circle  as  a  unit  of  plane  angles,  be- 
sides the  degree,  when  we  speak  of  semicircles  and  quadrants, 
There  may  be  reasons  why  the  other  unit  sometimes  is  pre- 
ferable, but  that  does  not  mean  that  it  is  absurd  to  use  a  sphere 
as  a  unit  solid  angle;  it  makes  some  calculation  simpler.  The 
spherical  candle  is  simply  a  unit  like  the  lumen  but  referred  to 
the  sphere  as  the  unit  solid  angle  instead  of  the  absolute  unit. 
The  sphere  as  a  unit  is  already  in  common  use  in  the  term  spher- 
ical candles;  I  found  it  to  be  in  use  and  did  not  create  it  as  3 
new  unit,  as  was  alleged  by  Dr.  Sharp, 

As  to  Dr.  Sharp's  rather  positive  remarks  about  Figs.  2  and  3, 
the  illustrations  are  strictly  correct,  notwithstanding  his  opinion. 
He  has  not  read  the  paper,  as  these  figures  do  not  refer  to  a 
finite  line  or  surface,  but  to  infinite  ones.  I  believe  it  was  in 
his  address  before  this  Society  a  year  ago  that  he  himself  used 
a  formula  which  involves  this  very  Fig.  2,  namely,  the  formula 
that  the  candle  power  of  an  infinite  line  varies  inversely  as  the 
distance,  and  not  as  the  square  of  the  distance. 

As  to  Dr.  Hyde's  remarks,  I  think  his  point  is  well  taken, 
with  the  exception  that  I  do  not  see  why  we  should  make  any 
distinction  in  our  measurements  between  reflected  light  and  di- 
rect light.  Why  should  we  say  that  because  light  is  reflected 
from  a  white  ceiling,  we  must  measure  it  in  different  units 
than  when  it  comes  from  a  window  or  through  a  white  lamp 
shade?  In  my  opinion  we  should  measure  them  all  in  the  same 
units,  whether  reflected  or  direct,  because  I  see  no  reason  for 
making  a  distinction. 

I  do  not  agree  with  Dr.  Hyde  that  the  absorption  factor  must 
necessarily  be  o  in  my  conversion  factor  452.  This  relation 
holds  good  for  all  absorption  factors,  provided  this  factor  is  in- 
cluded. When  I  referred  to  "illumination"  in  foot-candles,  I 
referred  to  either  the  incident  or  the  reflected  flux  density.  I 
agree  with  Dr.  Hyde  that  we  ought  to  have  a  definite  term  for 
the  reflected  foot-candles.  ^ 


690      TRANSACTIONS  OF  ILLUMINATING  ENGINEIERING  SOCIETY 

I  agree  with  the  remark  of  Mr.  ElHott  that  one  good  reason 
for  using  the  spherical  candles  as  a  unit  of  flux  is  that  it  is  a 
familiar  unit,  and  we  all  know  how  to  calculate  it,  whereas  the 
lumen  is  a  new  and  less  familiar  one. 

Mr.  Carl  Hering  (Communicated  After  Adjournment) : — 
That  I  am  not  alone  in  using  the  spherical  candle  as  a  unit  of 
flux,  as  Dr.  Sharp  claims,  is  shown  in  "Electrical  Engineering" 
by  Franklin  and  Esty,  in  the  chapter  on  Photometry  and  Illumin- 
ation, in  which  it  is  repeatedly  stated  that  the  spherical  candle 
is  a  correct  measure  of  flux,  and  that  it  is  distinctly  different 
from  a  candle.  The  lumen  used  in  this  country  is  not  even 
mentioned,  that  term  being  limited  in  this  book  to  the  original 
lumen  as  defined  abroad.  While  I  may  have  been  the  first  to 
call  attention  to  the  physical  fact  that  a  spherical  candle  has  the 
same  dimensions  as  a  lumen  or  a  watt,  in  a  book  published  over 
four  years  ago,  I  maintain  that  it  was  merely  pointing  out  a 
fact  and  not  "creating"  a  new  unit,  as  Dr.  Sharp  claimed. 

That  "nobody  uses  the  sphere  as  a  unit  solid  angle,"  as  claim- 
ed by  Dr.  Sharp,  is  also  an  error.  The  sphere  has  always  been 
the  unit  necessarily  implied  by  definition  in  the  term  "hemis- 
pherical candle,"  meaning  half  of  the  whole  unit,  just  as  the 
circle  is  the  unit  plane  angle  in  using  the  expressions  semicircle 
and  quadrant.  Moreover,  the  sphere  is  often  the  most  con- 
venient unit  solid  angle  to  use,  as  it  avoids  the  calculation  in- 
volving the  factor  ir. 

Dr.  Sharp  in  his  paper  on  the  integrating  sphere,  read  before 
this  Convention,  himself  repeatedly  uses  the  term  "mean  spher- 
ical candlepower"  snd  "total  luminous  flux"  synonymously,  as 
representing  the  same  kind  of  a  quantity;  multiplying  by  a  con- 
stant cannot  change  the  nature  of  a  physical  quantity.  Like 
many  others,  he  has  been  using  the  spherical  candle  as  a  measure 
of  flux,  unconsciously.  To  abandon  the  spherical  candle  entirely 
in  favor  of  the  lumen,  would  mean  to  require  a  division  by  the 
troublesome  4  tt  every  time  we  started  the  very  common  relation 
"watts  per  candle,"  which  would  then  necessarily  become  "watts 
per  lumen."  Thus  to  make  a  frequent  calculation  tedious  when  it 
is  now  the  acme  of  simplicity,  would  be  very  seriously  objected 
to  by  all  those  using  this  relation. 

Our  lumen,  although  a  hybrid  unit,   is  amply  justified,  if  it 
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be  clearly  understood  that  it  is  defined  in  terms  of  our  candle 
and  is  therefore  difierent  from  the  original  lumen.  The  Bureau 
of  Standards  at  Washington,  whose  practice  we  should  all  follow 
in  such  matters,  has  not  adopted  any  specific  unit  of  light  flux, 
but  it  has  been  its  custom  in  measuring  light  "to  use  the  lumen 
taken,  however,  in  terms  of  the  candle  maintained  at  that  Bu- 
reau instead  of  in  terms  of  the  hefner  as  originally  defined  by 
the  Geneva  Congress."  The  above  is  quoted  from  a  recent 
communication  from  that  Bureau. 

In  criticising  Figs.  2  and  3  in  the  paper,  Dr.  Sharp  said  the 
rays  do  not  pass  out  perpendicularly  from  the  line  or  surface 
when  the  light  is  diffused.  As  is  usual  in  mathematical  physics, 
the  radiations  shown  by  the  arrows  in  these  illustrations  repre- 
sent the  resultants  of  all  of  the  individual  ones;  the  figures  are 
therefore  not  incorrect  as  Dr.  Sharp  claimed  in  such  positive 
terms,  but  are  quite  in  accordance  with  the  usual  practice  in 
mathematical  physics.  I  assumed  this  to  be  generally  known, 
but  it  seems  it  is  not.  I  have  therefore  added  the  word  "resul- 
tant" in  the  revision  of  the  paper. 

Dr.  Hyde's  objection  to  using  the  word  "illumination"  for  the 
flux  density  of  reflected  light  also,  has  been  anticipated  in  the 
paper,  in  which  this  objection  is  realized;  but  for  want  of  a 
better  term  and  not  wishing  to  create  a  new  name,  I  used  it, 
though  unwillingly.  The  chief  point  in  the  paper  concerning 
this,  is  that  both  the  incident  and  reflected  "illumination"  (more 
correctly,  flux  density)  are  physically  alike  and  correctly  measur- 
able in  terms  of  the  same  unit  "foot-candles;"  the  name  given 
to  the  reflected  foot-candles  therefore  does  not  affect  this  and 
is  of  less  importance.  In  view  of  Dr.  Hyde's  remarks,  I  have 
added  the  word  "reflected"  before  "illumination"  in  several 
places  in  the  revision  of  my  paper. 

Dr.  Kennelly  suggested  to  me  subsequent  to  the  appearance  of 
my  paper  that  the  already  familiar  term  "intrinsic  brightness" 
could  consistently  be  used  in  referring  to  the  light  reflected 
from  an  illuminated  surface  in  the  same  way  as  illumination  is 
used  to  refer  to  the  light  falling  on  to  the  surface.  This  would 
be  quite  consistent  now  that  it  has  been  shown  that  such  "bright- 
ness" can  be  propctly  expressed  and  measured  in  foot-candles. 
I  consider  the  suggestion  a  very  good  one  and  regret  it  is  too 


692      TRANSACTIONS  OF  II^LUMINATING  ENGINE^ERING  SOCIE^TY 

late  to  use  it  in  my  paper.  I  would  recommend,  however,  using 
merely  the  word  "brightness"  stated  in  foot-candles,  as  the  addi- 
tional word  ''intrinsic"  is  superfluous,  the  term  brightness  being 
itself  an  expression  of  a  density  as  distinguished  from  a  total 
quantity  of  flux.  Moreover,  we  do  not  say  ''intrinsic  illumina- 
tion." 

Mr.  Wohlauer's  remarks  are  answered  in  part  by  the  above. 
I  differ,  however,  m  his  statement  that  the  flux  density  need 
not  be  stated  in  practice;  it  is  flux  density  and  not  flux  alone 
which  enables  us  to  see.  It  might  be  advisable  to  use  the  deca- 
lux  instead  of  the  badly  named  foot-candle,  but  the  latter  term 
has  unfortunately  gotten  too  common  to  hope  for  reform  in  its 
name,  desirable  though  it  would  be.  In  reply  to  his  other  state- 
ment, white  walls  will  increase  the  illumination  of  bodies  in  the 
room,  but  how  much,  is  a  matter  not  touched  upon  in  the  paper. 
The  usual  formula  for  this  was  said  by  Mr.  Millar,  at  this  Con- 
vention, to  be  wrong. 


ENGINEERING  PROBLEMS  IN  ILLUMINATION, 


BY  AIvFRED  A.  WOHLAUER. 


The  vitality  of  the  illuminating  engineer  has  not  yet  been 
demonstrated  in  spite  of  the  fact  that  since  his  appearance  marked 
progress  has  been  made  in  advanced  lighting  and  in  the  methods 
of  solving  problems  of  illumination.  Nevertheless,  the  illuminat- 
ing engineer  has  not  met  with  general  recognition,  and  even  in 
his  own  territory,  for  instance,  on  the  part  of  the  lamp  and 
fixture  manufacturers  the  opinion  prevails  that  the  illuminating 
engineer  is  only  an  ephemerous  manifestation.  The  reason  there- 
fore must  be  seen  in  the  fact  that  the  science  of  illuminating  engi- 
neering is  not  yet  fully  developed  and  that  by  the  layman,  as 
well  as  even  by  the  illuminating  engineer  himself,  all  kind  of 
work  is  looked  upon  as  illuminating  engineering  which  has 
nothing  to  do  at  all  with  engineering  and  which  could  be  per- 
formed by  almost  anybody  having  common  sense  in  connection 
with  commercial  ability.  Illuminating  engineering  is  more,  and 
it  is  the  duty  of  the  illuminating  engineer  to  show  what  real 
illuminating  engineering  is  striving  for,  what  can  be  accomplished 
by  the  illuminating  engineer,  and  by  him  only,  and  which  means 
and  ways  are  offered  to  realize  his  intentions  and  to  execute  his 
plans. 

It  is  the  object  of  this  paper  to  present  a  conception  of  the 
duties  of  the  illuminating  engmeer,  to  point  out  and  to  develop 
problems  which  have  to  be  solved  by  him,  to  give  on  idea  of  the 
elements  and  fundamentals  an  illuminating  engineer  has  to  mas- 
ter in  order  to  be  able  to  carry  out  his  work  and  thus  to  lay  down 
a  clear  and  convincing  proof  that  illuminating  engineering  is  an 
individual   profession. 

Before  the  advent  of  the  illuminating  engineer  it  was  the  duty 
of  the  architect  to  design  the  illumination  of  buildings.  This 
condition  explains  why  the  illuminating  engineer  is  quite  often 
induced  to  encroach  on  the  territory  of  the  architect  and  to 
enter  in  some  kind  of  conflict  wih  the  more  artistical  and  orna- 

1  A  paper  presented  at  the  Second  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,  Philadelphia,  October  5-6,  1908 
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mental  ideas  of  the  architect.  The  illuminating  engineer  how- 
ever is  an  engineer  in  the  first  place  and  can  prove  his  justifica- 
tion only  by  engineering  feats  without  venturing  into  drifts  which 
lead  neither  to  his  destination  nor  to  success.  However,  he  must 
enforce  the  recognition  of  his  figures  and  calculations  disre- 
garding every  other  limitation  but  practicability,  efficiency  and 
economy. 

The  illuminating  engineer  is  an  engineer  and  has  the  duty  in- 
cumbent upon  every  engineer  in  general,  that  is,  most  practi- 
cally and  economically  to  utilize  the  sources  in  nature  for  the  use 
and  convenience  of  mankind.  Illuminating  engineering  there- 
fore means  to  procure  illumination  as  efficiently  and  economically 
as  possible. 

In  order  to  do  this,  three  steps  have  to  be  performed  whereby 
the  illuminating  engineer  has  to  lend  his  hand : 

Firstly,  the  sources  of  nature  have  to  be  brought  into  a  form 
convenient   for  light  production. 

Secondly,  the  thus  available  energy  has  to  be  transformed  into 
li^ht. 

Thirdly,  the  sources  of  light  or  illuminants  have  to  be  cor- 
rectly and  efficiently  utilized  for  illuminating  purposes. 

The  first  step  is  performed  in  the  central  stations  (gas,  electri- 
cal, etc.)  which  produce  and  supply  energy  in  a  convenient  form 
for  light  production,  but  have  also  the  policy,  especially  in  this 
country,  of  furnishing  light  directly  so  that  the  duty  of  the 
illuminating  engineer,  who  knows  the  requirements  in  connection 
therewith,  is  to  assist  the  central  station  to  offer  the  best  possible 
services. 

The  second  step  concerns  the  illuminants  and  their  manufac- 
ture, whereby  the  assistance  of  the  illuminating  engineer  is  re- 
quired in  order  to  secure  the  best  light  distribution,  and  economy 
of  the  lamps. 

The  third  step,  the  outlay  of  illumination  plans,  is  the  real 
field  of  activity  of  the  illuminating  engineer  it  is,  therefore, 
the  main  object  of  this  paper. 

However,  aside  from  illumination  plans  the  attention  of  the 
illuminating  engineer  is  called  to  various  other  subjects  which 
he  must  master,  at  least  to  a  certain  extent,  before  he  enters  into 
his  proper  field  of  activity.     There  is  an  analogy  in  the  case  of 


wohi^auer:  problems  in  ilIvUMination  695 

the  electrical  engineer,  who  must  acquire  auxiliary  knowledge 
of  water  turbines,  steam  engines,  etc.,  before  he  is  so  far  ad- 
vanced as  to  take  up  the  problems  of  electrical  machinery,  which 
is  his  duty  proper:  The  illuminating  engineer  must  be  well 
posted  as  to  the  production  of  gas  and  electricity,  etc.  He  must 
be  most  thoroughly  familiar  with  all  kinds  of  illuminants, 
their  construction  and  economy.  The  illuminating  engineer,  fur- 
thermore, must  have  some  idea  of  the  physiology  of  the  human 
eye  as  well  as  of  the  nature  of  daylight,  of  optics  and  photometry 
in  general,  in  addition  to  the  fundamentals  in  mathematics  and 
physics  with  which  practically  every  engineer  must  be  acquainted. 

The  chief  engineering  work  of  the  illuminating  engineer,  how- 
ever, consists  in  the  outlay  of  illumination  plans ;  in  what  fol- 
lows real  engineering  work  will  be  demonstrated,  so  that  it  may  be 
considered  as  a  short  preliminary  treatise,  a  survey,  so  to  speak, 
of  the  science  of  illuminating  engineering. 

The  first  signs  of  illuminating  engineering  can  bo  traced  back 
as  far  as  20  years,  when  in  the  time  between  1884  and  1889, 
men  like  A.  P.  Trotter,  A.  Blondel,  Wybauw,  Weissenburch,  etc., 
did  important  pioneer  work.  Not  much  attention  was  paid  to 
their  work,  probably  for  the  same  reasons  which  to-day  retard 
the  progress  of  illuminating  engineering,  but  also  on  account 
of  the  fact  that  the  arts  of  lamp  making  and  reflector  design 
were  not  developed  as  much  as  they  are  to-day.  It  is  inter- 
esting to  note  that  the  first  manifestation  of  illuminating  engineer- 
ing took  place  in  a  time  when  the  arc  lamp  just  began  to  gain 
ground  (street  illumination  in  Paris)  and  when  the  incandescent 
lamp  was  just  out  of  the  days  of  its  infancy,  while  the  latest 
progress  of  illuminating  engineering  coincides  with  the  advent 
of  the  tungsten  and  flaming  arc  lamp.  It  is  also  remarkable 
that  even  in  these  comparatively  early  days,  the  necessity  of 
illuminating  engineering  was  recognized.  A.  P.  Trotter,  who 
as  far  back  as  1883  wrote  his  classical  paper  on  "Uniform  dis- 
tribution of  light"  states  the  following  in  the  April  issue  of  the 
London  Illuminating  Engineer,  1908,  regarding  a  paper  which 
he  wrote  in  1892. 

"  The  principal  object  of  my  original  paper  was  to  attempt  to  enable  en- 
gineers to  predetermine,  specify  for  and  provide  a  definite  illumination. 
While  it  failed  to  be  utilized  in  this  way  to  any  appreciable  extent,  other 
writers  have  from   time  to  time  calculated  and  published  similar  curves. 
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Engineers  may  have  considered  this  too  laborious  to  apply  in  practical 
cases,  and  the  illumination  of  streets,  railway  stations,  etc.,  has  been  for 
the  most  part  carried  out  either  by  adding  to  the  number  or  to  the  power  of 
lamps,  until  the  illumination  was  sufficient,  or  by  trying  experiments  with 
lamps  at  various  heights  and  distances.  One  excuse  for  this  unscientific 
procedure  was  that,  in  general,  nobody  knew  how  much  illumination  was 
wanted." 

An  engineer  must  be  able  to  predetermine  the  expected  result 
by  calculations  based  on  practical  experience ;  ilhuiiinating  engi- 
neering is  therefore  only  engineering  if  the  expected  result — that 
is  a  satisfactory  intensity  of  illumination — can  be  precalculated 
with  a  certain  degree  of  exactness.  Some  of  the  problems  in- 
volved will  be  discussed  in  what  follows. 

In  order  to  simplify  and  systematize  this  work,  a  distinction 
will  be  made  between  the  following  two  groups :  ''Uniform 
illumination  by  a  single  lamp"  and  "Uniform  illumination  by  a 
multitude  of  lamps."  Practical  experience  has  demonstrated 
that  uniformity  is  the  chief  requirement  for  good  illumination. 
Due  to  its  adaptability,  the  human  eye  adjusts  itself  according  to 
the  highest  intensity  of  light  in  its  field  of  vision,  so  that  less 
illuminated  spaces  appear  darker  than  they  actually  are,  and  they 
involve  not  only  a  waste  of  energy  but  also  a  strain  upon  the  eyes. 
Uneven  illumination  is  therefore  unsatisfactory ;  the  discussion 
in  this  paper  will  therefore  be  confined  to  problems  of  uniform 
illumination. 

Uniform  illumination  by  a  single  lamp,  singular  illumination, 
or  as  it  was  also  called  by  the  author  ''sporadical"  illumination, 
was  the  first  problem  of  illuminating  engineering.  A  single 
lamp  was  at  the  disposal  for  the  illumination  of  the  surrounding 
space,  and  it  was  recognized  that  in  the  closest  neighborhood  of 
the  lamp,  the  intensity  of  illumination  was  greater,  and,  it  de- 
creased rapidly  with  the  distance  from  the  lamp.  This  condition 
being  considered  not  very  favorable  nor  economical,  an  effort 
was  made  to  influence  the  light  emitted  by  a  lamp  in  such  a  way 
that  a  more  uniform  illumination  could  be  obtained  over  larger 
areas  and  at  greater  distances,  especially  in  connection  with 
street  lighting.  Incidentally  it  may  be  mentioned  that  the  problem 
of  street  lighting  has  not  been  satisfactorily  solved  up  to  our 
present  time.  Unless  it  is  the  object  of  street  lighting  to  mark 
a  thoroughfare  and  its  crossings,   in  which  case  a   single  lamp 
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at  each  corner  will  be  sufficient,  streets  and  open  spaces  ought 
to  receive  general  illumination  so  that  the  eye  of  the  passers-by 
is  not  blinded  and  annoyed  by  continuous  change  of  the  inten- 
sity of  illumination. 

Singular,  or  sporadical,  illumination  ought  to  be  confined  to 
small  areas,  as  they  are  encountered  in  the  cases  of  individual 
desk  lighting,  billiard  table  lighting,  etc.,  or  in  small  living  rooms, 
dining  rooms  and  the  like,  where  only  a  certain  limited  part  of 
the  room  should  receive  the  full  amount  of  illumination,  while  the 
corners,  ceilings,  etc.,  may  be  kept  in  a  *'cozy"  darkness. 

General  illumination,  or  uniform  illumination  by  multitude  of 
lamps,  is  to  be  employed  in  the  majority  of  cases  where  large 
areas  are  concerned,  as  in  office  buildings,  department  stores, 
halls,  auditoriums,  theatres,  streets  and  squares.  Although  this 
problem  was  subject  to  some  interesting  work  of  investigation 
by  Trotter  and  Blondel  in  determining  the  effect  of  a  combination 
of  a  number  of  lamps  suspended  at  different  heights  and  dis- 
tances, no  final  solution  of  the  problem  has  been  arrived  at. 

These  two  problems,  uniform  illumination  by  a  single  lamp 
and  uniform  illumination  by  a  multitude  of  lamps  are  the  two 
problems  of  illuminating  engineering  which  will  be  looked  into 
in  the  following.  Both  can  be  solved  either  by  using  certain 
lamps  without  reflector  or  by  combining  a  certain  number  of 
lamps  into  one  unit  or  fixture  or  by  employing  reflectors  which 
make  it  possible  to  distribute  the  light  of  a  lamp  or  a  number  of 
lamps  in  any  desired  way. 

UNIFORM    IIvIvUMINATlON    BY    A    SINGLE    LAMP. 

Uniform  illumination  can  be  provided  for  by  1  single  lamp 
or  lamp-unit  either  when  the  lamp  by  its  special  construction 
uniformly  illuminates  the  area  under  consideration,  or  when  a 
number  of  lamps  are  combined  into  a  fixture  which  answers 
the  above  purpose,  or  when  use  is  made  of  reflectors  which  dis- 
tribute the  light  of  a  single  or  a  number  of  lamps  in  such  a  way 
that  uniform  illumination  is  obtained.  These  are  three  problems 
of  the  illuminating  engineer  which  offer  a  large  variety  of  solu- 
tions and  open  a  vast  field  of  interesting  and  strictly  engineerine 
work. 

A  lamp  or  lamp-unit  which  will  provide  for  uniform  illumina- 
tion over  a  certain  area  must  have  a  certain  polar  candle-power 
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curve/  as  is  represented  in  Fig.  i  which  indicates  that  the  candle- 
power,  which  just  underneath  the  lamp  is  minimum,  increases 
rapidly  with  the  distance  from  the  foot  of  the  lamp.  So  far  as 
the  author  could  ascertain,  this  problem  was  investigated  and 
mathematically  and  graphically  discussed  for  the  first  time  by  A. 
P.  Trotter  in  1883  in  his  paper  on  uniform  distribution  of  light, 
which  was  mentioned  above  and  will  be  quoted  again. 

Considering  at  first  lamps  which  in  consequence  of  their  form 
and  construction  directly  provide  for  a  uniform  illumination,  it 
must  be  stated  that  there  are  on  the  market  only  a  few  lamps 
which  do  this  over  an  area  enclosed  by  an  appreciable  solid 
angle.     The  best  example  is  the  enclosed  arc  lamp  which  uni- 
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Fig.  I. — Uniform  Illumination  with  One  I,amp. 

formly  illuminates  an  area  enclosed  by  an  angle  of  about  50 
degrees.  As  to  the  incandescent  lamp,  originally  the  tendency 
was  to  design  the  lamp  so  that  the  area  uniformly  illuminated 
was  as  large  as  possible,  and  the  double  oval  filament  of  the 
carbon  incandescent  lamp  was  considered  to  answer  this  purpose 
to  a  fair  extent.  At  the  present  time,  however,  efforts  to  directly 
influence  the  light  distribution  of  incandescent  lamps  have  been 
abandoned  in  view  of  the  more  satisfactory  solution  by  means 
of  reflectors.  The  new  metal-filament  lamps,  tantalum  and  tung- 
sten accidently  favor  such  uniform  illumination  by  the  individual 
lamps  on  account  of  their  exceedingly  low  end-on  candle-power 
which,  therefore,  from  this  point  of  view  should  not  be  considered 
a  drawback,  while  the  tendency  of  several  lamp  manufacturers 

•  Elechical  World,  Dec.  21,  1907.     Fig.  i. 
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of  increasing  the  end-on  candle-power  does  not  appear  to  be 
generally  justified. 

The  combination  of  a  certain  number  of  lamps  into  a  fixture 
chandelier,  etc.,  in  order  to  obtain  uniform  illumination  over  a 
certain  area,  which  is  the  second  problem  in  illumination  by  a  sin- 
gle lamp  unit,  offers  interesting  possibilities  in  its  solution. 

A  number  of  lamps  can  be  arranged  in  a  circle  so  that  the 
illumination  underneath  the  center  of  the  circle  has  a  certain 
intensity  which  depends  on  the  number  of  lamps  and  on  the  area 
of  the  circle.  The  lamps  suspended  in  a  perpendicular  position 
send  their  maximum  intensity  in  a  horizontal  direction  and  the 
whole  fixture  will  have  a  light  distribution  which  could  be  com- 
pared with  the  polar  candle-power  curve  of  a  metal-filament  lamp 


Fig.  2.— Chandelier  of  Six  Reflector  I^amps  Yielding  Uniform  Illumination. 

in  which,  roughly  speaking,  also  a  number  of  illuminants  are 
arranged  in  a  circle.  The  lamps  could  be  suspended,  however, 
also  in  an  inclined  position  and  provided  with  reflectors  so  that 
no  light  is  wasted  inside  the  fixture  while  the  maximum  inten- 
sity is  issuing  under  a  certain  angle,  as  illustrated  in  Fig.  2. 
By  proper  arrangement  it  is  possible  to  produce  a  fixture  which 
approximately  gives  uniform  illumination  over  a  considerable 
area.  It  is  apparent  that  numerous  variations  and  designs  of 
this  kind  present  themselves  to  the  illuminating  engineer. 

The  next  possibility  of  ptoducing  uniform  illumination  by 
means  of  a  single  lamp  is  offered  by  the  use  of  reflectors  in  con- 
nection with  a  lamp.  Broadly  speaking,  one  can  transform  the 
light  distribution  of  a  lamp,  of  whatever  shape  its  polar  candle- 
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power  curve  may  be,  into  a  distribution  yielding  uniform  illumi- 
nation. Although  the  problem  of  the  design  of  reflectors  is  one 
of  the  most  interesting  ones  of  illuminating  engineering,  not 
much  has  been  published  concerning  it.     , 

The  action  of  any  reflector  is  based  on  the  collection  of  the 
rays  of  the  illuminant,  or  the  dispersion  of  them  by  means  of 
reflecting  surfaces  which  turn  the  rays  striking  them  into  the 
desired  direction.  Starting  therefore  from  a  certain  intensity  of 
illumination  required  on  a  certain  plane,  it  is  possible  to  ascer- 
tain the  distribution  of  the  light  flux  of  a  lamp  to  produce  the 
required  intensity  of  illumination  at  the  different  parts  of  the 
plane.  This  fact  suggests,  of  course,  a  certain  method  of  de- 
signing reflectors  which  diffuse  the  light  underneath  the  lamp  and 
concentrate  it  into  the  further  distant  regions  according  to  the 
law  prescribed  by  the  polar  candle-power  curve  shown  in  Fig.  i, 
so  that  a  large  amount  of  the  flux  is  sent  to  places  remote  from 
the  source  of  light  while  the  nearer  space  just  underneath  the 
lamp  receives  a  correspondingly  small  part  of  the  total  flux  of  the 
lamp.  Starting  from  such  considerations,  it  is  possible  to  deter- 
mine the  angle  under  which  the  flux  of  the  lamp  has  to  be  re- 
flected in  order  to  answer  the  requirements. 

This  special  problem  of  designing  a  reflector  which  distributes 
the  light  of  the  lamp  in  order  to  obtain  uniform  illumination  can 
be  considered  as  one  of  the  oldest  problems  of  illuminating  en- 
gineering. In  fact  A.  P.  Trotter,  states  that  even  as  far  back  as 
1802  the  importance  of  this  problem  was  recognized  by  Smethurst, 
and  Paul  as  well  as  by  Fresnel,  about  50  years  ago.  Iri  con- 
sidering this  problem  Trotter  assumes  that  the  area  to  be  illumi- 
nated is  divided  up  into  rings  of  equal  area,  the  ri^idii  being  as 
l/i  -7-  1/2  -i-  1/3  -i-  etc.  As  the  same  quantity  of  light  must  be 
thrown  into  each  ring  in  order  to  produce  the  same  illumination, 
the  rays  of  the  illuminant  must  be  deflected  and  distributed  so 
that  the  tangents  of  their  inclination  to  the  vertical  are  as 
l/i  -—  1/2  -i-  1/3  -i-  as  is  illustrated^  in  Fig.  3. 

There  are  two  possibilities  of  solving  this  problem,  either  by 
regular  reflection  or  by  a  so-called  dioptric  method.  The  latter 
was  used  by  Trotter  and  successfully  introduced  by  Blondel  who 
enclosed  the  illuminant  in  a  glass  globe  provided  with  reflecting 

1  From  Trotter's  article,  Proceedings.  Inst,  of  C.  E.,  vol   37,  page  348. 
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and  refracting  glass  prisms  of  especially  calculated  profile,  as 
indicated  in  Figs.  4  and  5.     These  globes  were  named  by  Blonde! 


Fig.  3. — Uniform  Distribution  of  Light. 

"holophane"  a  word  derived  from  the  Greek,  as  they  appear  to 
be  "luminous  all  over."  They  form  the  origin  of  a  vast  number 
of  various  kinds  of  prismatic  globes  and  reflectors  which  have 
grown  more  and  more  in  public  favor  all  over  the  world  and 
prove  to  be  a  strong  backbone  of  illuminating  engineering. 
The  use  of  regular  reflection  was  not  considered  advisable  by 


Figs.  4  and  5. — Prismatic  Globes. 


Blondel  who  found  reflectors  of  "silvered  glass  too  fragile  and 
those  of  metal  too  difficult  to  preserve  from  oxydation."  Another 
drawback  of  mirror  reflectors  is  the  glare  produced  by  them 
which  limits  their  use;  nevertheless,  it  must  be  admitted  that 
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they  are  the  most  efficient  reflectors  and  would  have  quite  a 
future  if  it  were  possible  to  overcome  the  above  objections. 
The    actual     designing    of     reflectors     is     accomplished     by 


Fig.  6. — Graphical  Reflector  Design. 

either  graphical  methods  or  3  combination  of  numerical  calcu- 
lations with  graphical  constructions.  A  graphical  method  of 
designing  reflectors  is  indicated^  in  Fig.  6  and  a  modification 
thereof  in  Fig.  7,  as  employed  by  the  author. 


Fig.  7. — Reflector  for  Uniform  Illumination. 

The  problem  of  a  numercial  and  graphical  determination  of 
the  shape  of  the  reflectors  for  uniform  illumination  has  been 

*  Herzog  and  Feldman,    Handbuch  der  elektrischen  Beleuchtung,  1907. 
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taken  up  of  the  late  by  E.  W.  Weinbeer^  who  gives  the  following 
solution : 

A  source  of  light  the  polar  candle-power  curve  of  which  is 
a  circle  described  around  the  illuminant  as  a  center  can  be  utilized 
for  uniform  illumination  by  enjploying  a  reflector  in  the  follow- 
ing way.  The  intensity  of  the  uniform  illumination  may  be  equal 
to  the  illumination  just  underneath  the  lamp.  As  illustrated  in 
Fig.  8,  the  illumination  produced  by  the  lamp  without  reflector 
will  vary  as  indicated  by  the  lower  illumination  curve,  while  the 
uniform  illumination  is  represented  by  the  upper  straight  line.  The 
additional  flux  of  light  which  must  be  thrown  into  the  various 
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Fig.  8. — Weinbeer  Reflector. 

annular  zones  can  be  calculated  and  the  flux  of  light  which 
emanates  into  the  upper  hemisphere  can  be  utilized  by  reflection 
for  this  purpose.  The  angle  under  which  the  light  must  be  re- 
flected is  calculated  numerically  and  graphically  so  that  it  is  an 
easy  matter  to  ascertain  the  shape  of  a  reflector  for  this  pur- 
pose. 

Uniform  illumination  by  a  single  lamp,  or  sporadical  illumi- 
nation, is  the  only  problem  of  illuminating  engineering  which  has 
been  successfully  investigated  before  our  time,  especially  by  A.  P. 
Trotter-  and  BlondeP  and  an  examination  of  their  works  will 
be  a  great  benefit  for  the  student  of  illuminating  engineering. 

1  Elektrotechnischer  Anzeiger,  AuRU.<;t,  1908. 

2  Transactions  ui  \.\\^  In.st.  of  Civil  Kng.,  London,  1883. 

3  London  Electrician^  1894,  1895,  1896,  1897. 
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UNIFORM    IIvIvUMI NATION   BY   A    MUI^TITUDE  OF   LAMPS. 

The  problem  of  uniform  illumination  by  a  multitude  of  lamps 
is  another  important  part  of  the  work  of  the  illuminating  engi- 
neer. It  has  not  been  fully  solved  up  to  this  time,  although 
Trotter,  Blondel  and  others  started  15  years  ago  to  investigate 
this  problem.  On  account  of  the  low  efficiency  of  the  illuminants 
of  that  time,  it  is  probable  that  this  problem  was  not  considered 
as  important  as  the  sporadical  illumination  which  is  much  less 
expensive.  With  the  present  available  very  efficient  illuminants, 
however,  the  illumination  by  a  multitude  of  lamps  is  decidedly 
more  attractive  and  offers  the  only  correct  solution  for  the 
illumination  of  large  spaces.  The  problem  involved  consists  of 
the  combination  of  a  number  of  lamps  in  such  a  way  that  the 
resulting  intensities  of  illumination  at  different  points  of  the 
plane  are  equal  or  their  devic>tion  is  as  small  as  possible.  Of 
late.  Dr.  L.  Bloch,^  J.  Herzog  and  others  have  systematized  the 
methods  of  solving  problems  of  this  kind  by  basing  their  calcu- 
lations on  a  so-called  average  intensity  of  illumination  with  a 
consideration  of  the  difference  between  maximum  and  minimum 
intensity.  E.  W.  Weinbeer  deserves  further  credit  for  having 
investigated  this  matter  thoroughly  in  connection  with  the  illumi- 
nants of  the  various  polar  candle-power  curves  and  having  de- 
termined the  number  of  candles  necessary  to  provide  for  uni- 
form illumination  of  a  certain  intensity  under  the  assumption 
that  the  number  of  lamps  used  is  infinite  so  that  the  numerous 
overlapping  illumination  curves  lead  to  an  almost  exact  uniform 
illumination.  Weinbeer's  calculations  and  investigations  are  based 
on  the  assumption  that  no  lefiector  is  used  in  connection  with 
the  illuminants  and  that  reflection  from  wall  and  ceiling  is  negli- 
gible ;  and  it  is  obvious,  as  V\  einbeer  states  himself,  that  his  fig- 
ures are  exact  only  when  the  number  of  lamps  employed  is  very 
large,  in  which  case  practically  the  total  lower  hemispherical 
flux  of  the  lamps  is  utilized.  If  however,  the  illumination  of  a 
lamp  is  concentrated  on  a  small  area  in  such  a  way  that  it  dis- 
appears before  or  at  the  foot  of  the  next  lamp,  the  inexactness 
is  practically  done  away  with. 

As  was  pointed  out  by  the  author  in  several  articles  in  the 
Electrical   World,   straight  illumination  curves,  as  illustrated  in 

1  Dr.  I^.  Bloch.     (irundziige  der  Beleuchtungstechnik,  1907. 
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Figs.  9  and  10  lead  to  a  very  simple  solution  of  the  problem  of 
uniform  illumination  by  a  multitude  of  lamps.  The  lamps  can 
be  conveniently  arranged  by  dividing  the  area  to  be  illuminated 
in  squares,  placing  a  lamp  at  the  corner  of  each  square.  Assum- 
ing a  single  straight-line  illumination  inclining  from  a  maximum 
intensity  just  below  the  lamp  to  zero  just  below  the  adjacent 
lamp,  as  illustrated  in  Fig.  9,  the  illumination  will  not  be  quite  uni- 
form, but  will  possess  maxima  at  the  intersection  of  the  diago- 
nals. Using  a  somewhat  more  complicated  straight-line  illumi- 
nation curve,  Fig.  10,  which  is  horizontal  for  lengths  of  .085  of  the 
the  distance  between  two  lamps,  the  point  of  intersection  of  the 
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Figs.  9  and  lo. — Uniform  Illumination  from  a  Number  of  Tramps. 


diagonals  will  also  receive  the  same  illumination  as  the  point  just 
underneath  the  lamp  and  a  still  better  degree  of  uniform  illumi- 
nation will  be  obtained.  By  further  changing  the  illumination 
curve,  a  somewhat  greater  accuracy  of  uniform  illumination  can 
be  obtained.  (See  Foell,Tra/z.y.  I.  E.  S.,  Nov.  1907).  However, 
in  view  of  the  fact  that  ideal  uniform  illumination  could  never 
be  reached  in  practice,  practical  illumination  curves  such  as 
illustrated  in  Fig.  10  are  fully  satisfactory  and  even  such  as 
illustrated  in  Fig.  9  would  answer  the  purpose ;  by  increase  of 
the  height  of  suspension,  a  still  higher  degree  of  uniformity  can 
be  effected. 

It  is  an  interesting  problem  to  ascertain  whether  the  polar 
candle-power  curves  corresponding  to  illumination  curves  such 
as  illustrated  in  Figs.  9  and  10  can  be  realized  in  practice. 
There    exist   again    the    three    possibilities    of  either   employing 
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lamps  which  by  their  special  construction  or  design  answer  the 
purpose,  or  of  combining  lamps  into  a  unit  or  fixture  which  yields 
the  desired  polar  candle-power  curve,  or  of  employing  reflectors 
by  means  of  which  the  light  of  the  single  lamp  may  be  re- 
flected  and   distributed   correspondingly. 

Of  existing  lamps,  the  Nernst  and  the  flaming  arc  come  nearest 
to  the  above  requirements  and  could  be  conveniently  used  di- 
rectly for  this  purpose  with  a  certain  small  error.  It  is  be- 
yond the  scope  of  this  paper  to  discuss  the  advisability  and 
possibilities  of  such  a  solution. 

The  combining  of  a  number  of  lamps  into  a  chandelier  or  fix- 
ture is  a  very  simple  and  interesting  problem  of  the  illuminating 
engineer  which  offers  to  him  a  variety  of  solutions  and  modifi- 
cations, and  numerous  suggestions  to  the  fixture  manufacturer. 


120  c.:p. 
Fig.  II. — Chandelier  Yielding  a  Straight-line  Illumination  Curve. 

Lamps  with  or  without  reflectors,  the  polar  candle-power  curves 
of  which  are  known,  can  be  combined  in  such  a  way  that  the 
correct  amount  of  light  intensity  is  issued  into  the  proper  di- 
rection as  called  for  by  the  final  polar  candle-power  curve  of 
the  fixture.  Such  a  possibility  is  indicated  in  Fig.  ii,  which  may 
be  considered  to  show  only  one  of  a  long  line  of  similar  solutions. 
Such  fixtures  can  be  used  in  large  halls,  ball  rooms  and  certain 
stores  of  a  more  exclusive  nature  where  the  architect  finds  it 
desirable  to  use  chandeliers  and  fixtures  rather  than  distribute 
a  number  of  ceiling  lamps  over  the  space  to  be  illuminated. 

In  places  where  an  elaborate  display  is  not  required,  as  in 
school  rooms,  office  buildings,  etc.,  or  in  theatres,  concert  halls 
etc.,  where  fixtures  are  objectionable  as  they  may  obstruct  the  view, 
it  is  better  to  arrange  a  multitude  of  lamps  as  near  to  the  ceiling 
as  possible  and  to  combine  the  light  of  the  different  individual 
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lamps  into  uniform  illumination.  In  this  case,  reflectors  must 
be  employed,  and  it  is  interesting  to  ascertain  the  shape  of  such 
reflector.  For  the  design  of  the  reflectors,  it  must  be  borne  in 
mind  that  the  light  of  the  lamp  is  concentrated  over  a  rather 
small  area  confined  by  an  angle  which  as  a  rule  is  not  larger  than 
45  degrees.  To  use  the  prismatic  method  for  this  purpose  does 
not  seem  advisable  since  in  the  case  of  prismatic  reflectors,  a  cer- 


Fig.  12.— Reflector  Yielding   a  Straight-line  Illumination  Curve. 


tain  amount  of  light  always  passes  through  the  glass  into  the 
upper  regions.  Only  a  reflector  with  opaque  cover  would  be 
adaptable. 

Mirror  reflectors  however  are  better,  if  the  glare  arising  from 
them  is  not  objectionable  or  can  be  done  away  with.  The  shape 
of  such  a  reflector  designed  by  the  author  is  indicated  in  Fig. 
12. 

It  has  been  shown  in  the  above  that  a  vast  field  of  strictly  engi- 
neering work  is  offered  to  the  illuminating  engineer  in  regard 
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merely  to  the  arrangement  of  illumination  plans.  Considerations 
as  to  efficiency  of  the  lamps  have  not  been  taken  up  nor  has 
the  very  important  problem  ot  the  calculation  of  the  number  of 
lamps  required  been  touched  as  this  would  lead  too  far.  Never- 
theless, it  is  demonstrated  that  illuminating  engineering  is  a 
real  branch  of  the  engineering  art  which  in  view  oC  the  necessity 
of  illumination  for  public  welfare  and  convenience  should 
not  be  neglected  by  anyone. 


DISCUSSION. 


Mr.  Albert  J.  Marshall : — I  do  not  desire  to  direct  any  criticism 
directly  at  Mr.  Wohlauer's  paper,  but  simply  take  this  oppor- 
tunity to  view  a  couple  of  points  I  desire  to  bring  cut.  While  I 
agree  in  the  main  with  Mr.  Wohlauer  that  the  average  illuminat- 
ing engineer  today  is  as  yet  not  fully  recognized  as  represent- 
ing a  distinct  profession,  which  to  a  measure  is  due  to  the  fact 
that  there  are  many  people  who  have  termed  themselves  illumin- 
ating engineer  but  who  have  scant  idea  of  the  qualifications 
necessary  successfully  to  carry  out  the  work  which  may  be 
entrusted  to  them,  yet  I  do  contend  that  there  are  a  few  compe- 
tent men  who,  through  ability  and  much  earnest  work,  have 
established  for  themselves  a  recognition  in  the  minds  of  the 
public,  especially  the  lighting  interests. 

To  my  mind,  one  of  the  chief  reasons  for  the  lack  of  recog- 
nition on  the  part  of  architects,  decorative  designers,  etc.,  has 
been  due  to  the  fact  that  up  to  the  present  time,  in  the  majority 
of  cases,  illuminating  engineering  principles  have  been  present- 
ed as  being  almost  purely  mathematical,  subordinating  almost 
entirely  the  important  part  that  aesthetics  play  in  the  work  as 
a  whole.  There  have  been  many  papers  written  and  much  dis- 
cussion on  the  parts  that  aesthetics  and  utilitarista  should  play 
in  the  matter,  but  as  yet  I  do  not  feel  that  such  interests  have 
come  to  an  understanding. 

There  seem  to  be  two  distinct  elements  working  at  the  pres- 
ent time  in  the  matter  of  advancing  what  might  be  termed  the 
proper  use  cf  artificial  light.  One  is  working  along  almost  en- 
tirely the  mathematical  side,  while  the  other  is  pushing  to  the 
fore  the  necessity  of  considering  first  of  all  the  aesthetic  require- 
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ments.  There  is  certainly  a  common  ground  on  which  these 
two  elements  may  meet,  and  I  wish  to  place  m)^self  here  on 
record  as  stating  that  the  sooner  this  result  is  accomplished 
that  much  sooner  will  the  profession  be  recognized  by  those 
people  who  have  jn  many  cases  the  authority  in  the  matter, 
namely,  the  architects. 

To  my  mmd,  the  question  of  economy  has  almost  been  run 
into  the  ground.  In  fact,  this  one  thing  seems  to  be  the  chief, 
and  in  many  cases  the  only  though  given  when  a  lighting  sys- 
tem is  being  designed.  Engineers  who  do  not  understand 
aethetics  certainly  with  training  can  realize  to  some  degree  what 
is  ordinarily  termed  ''good  taste,"  and  can  embody  it  in  their 
work.  To  niy  mind,  it  will  be  the  engineer  who  combines  ''good 
taste"  with  economy  who  will  eventually  attain  the  goal  to  which 
we,  as  illuminating  engineers,  are  striving. 

The  subject  of  economy  has  been  held  too  long  before  the 
central  stations  and  gas  companies  in  this  country.  V/hile  I 
fully  believe  that  the  average  supply  station  and  gas  company 
today  is  desirous  of  having  its  customers  obtain  full  value  from 
all  energy  sold  to  them  for  lighting  purposes,  to  say  nothing 
of  the  power  side  of  the  matter,  yet  I  do  feel  that  the  central 
stations  and  gas  companies  would  co-operate  even  more  heartily 
with  the  illuminating  engineer  if  they  felt  that  their  interests 
would,  to  a  measure,  be  protected. 

To  give  an  example  of  the  point  which  I  am  now  attempting 
to  bring  out,  take,  for  instance,  two  spaces  of  similar  dimensions 
and  treatment  and  used  for  the  same  general  purposes.  Two 
illuminating  engineers  are  called  in  to  design  h'ghting  systems 
for  these  spaces.  One  engineer  will  specify  a  lighting  system 
in  which  he  endeavors  to  obtain  the  greatest  amount  of  illumina- 
tion on  a  given  plane  for  the  least  expenditure  for  energy,  irre- 
spective of  the  appearance  of  the  lighting  units  when  in  place. 
The  other  engineer  in  designing  a  lighting  system  will  study  the 
treatment  of  the  space  and  suggest  a  system  which  will  harmon- 
ize in  all  details  with  its  surroundings,  then  have  delivered  as 
economically  as  possible  the  required  amount  of  intensity  of 
illumination.  The  latter  engineer  will,  perhaps,  use  more  energy 
than  the  other  engineer  referred  to.  Assume  now  that  both 
installations  are  satisfactory  to  the  owner;  which,  might  I  ask. 
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would  be  the  most  satisfactory  to  the  central  station?  The  answer 
to  such  a  question  is  evident. 

It  is  best,  therefore,  to  consider  the  beautiful  as  well  as  the 
purely  utilitarian  side  in  our  work,  and  thus  to  produce  re- 
sults which  will  be  satisfactory  to  every  one. 

Mr.  L.  R.  Hopton: — While  the  paper  contains  valuable  scien- 
tific information,  I  cannot  accept  the  statement  reading: 
"However  he  must  enforce  the  recognition  of  his  figures  and 
calculations  disregarding  every  other  limitation  but  practicability, 
efficiency  and  economy."  Of  course  it  might  be  argued  that 
the  term  ''practicability"  can  be  very  broadly  interpreted,  but 
my  experience  has  been  that  the  average  illuminating  engineer  is 
prone  to  reason  along  narrow  lines.  Such  statements  as  this, 
I  think,  tend  to  antagonize  architects  and  others  v/ho  are  inter- 
ested in  proper  architectural  and  ornamental  treatment,  and  are 
fair  neither  to  them  nor  to  ourselves. 

Mr.  V.  R.  Lansingh : — I  do  not  believe  everybody  will  agree 
with  Mr.  Wohlauer  when  he  states :  "In  places  where  an  elaborate 
display  is  not  required,  as  in  school  rooms,  office  buildings,  etc., 
or  in  theatres,  concert  halls,  etc.,  where  fixtures  are  objection- 
able as  they  may  obstruct  the  view,  it  is  better  to  arrange  a  mul- 
titude of  lamps  as  near  to  the  ceiling  as  possible  and  to  combine 
the  light  of  the  different  individual  lamps  into  uniform  illumina- 
tion. To  use  the  prismatic  method  for  this  purpose  does  not 
seem  advisable  since  in  the  case  of  prismatic  reflectors,  a  cer- 
tain amount  of  light  always  passes  through  the  glass  into  the  up- 
per regions.  Only  a  reflector  with  opaque  cover  would  be  adapt- 
able." There  are  very  few  of  us,  including  Mr.  Wohlauer,  who 
would  agree  to  darken  a  ceiling  under  the  chosen  conditions. 

As  regards  the  question  of  uniform  illumination,  it  may  be 
of  interest  to  call  attention  to  three  new  types  of  prismatic  re- 
flectors which  will  shortly  be  available.  The  first  of  these,  which 
is  called  the  "extensive"  type,  and  gives  a  broad  distribution 
of  light,  similar  to  the  well-known  bowl  prismatic  reflector, 
is  especially  adapted  for  the  lighting  of  a  small  room  with  a 
single  lamp  or  group  of  lamps,  a  narrow  store  with  a  row  of 
lamps  down  the  center,  and  similar  cases. 

The  second  type,  which  is  known  as  the  "focusing"  type, 
throws  a  strong  concentrated  light,  of  which  the  end-on  candle- 
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power  is  practically  four  times  the  rated  horizontal  candle-power 
of  the  lamp.  Such  reflectors  are  adapted  for  very  high  ceilings, 
window  lighting,  etc. 

The  third,  or  "intensive''  type,  gives  a  polar  candle-power 
curve  between  these  two,  that  is,  it  produces  a  broad,  concen- 
trated light,  and  is  especially  adapted  for  places  where  several 
lamps  are  used  close  to  the  ceiling,  such  as  in  large  department 
stores,  etc. ;  also  for  a  long,  narrow  store  where  a  row  of  lamps 
is  hung  over  each  counter. 

With  these  three  types  of  reflectors,  practically  90  per  cent, 
of  lighting  problems  where  a  general  illumination  is  required 
can  be  treated  satisfactorily.  The  ''intensive"  type  of  polar 
candle-power  curve  is  considerably  different  from  anything  here- 
tofore presented  and  promises  to  fill  the  ''long-felt  want." 

Mr.  B.  L.  BUiott: — Most  of  this  paper  is  taken  up  with  the 
discussion  of  the  problem  of  uniform  illumination.  I  am  inclin- 
ed to  take  issue  with  the  author's  first  premise.  There  are  cer- 
tainly very  many  cases  in  which  uniform  illumination  is  neither 
practicable  nor  desirable.  Such  is  the  case,  for  instance,  in  oflice 
lighting.  I  believe  that  the  best  illuminating  engineering  prac- 
tice is  to  produce  a  very  mild  general  illumination,  with  strong 
localized  lighting  for  desks  and  work  tables.  In  the  lighting  of 
work  shops,  the  same  method  may  be  used  to  advantage.  Again, 
in  residence  lighting,  there  is  comparatively  little  necessity  for 
uniformity.  In  the  dining  room,  and  the  library,  localized  light- 
ing for  the  tables  is  preferable.  Furthermore,  after  all  has  been 
done  to  secure  uniformity,  it  will  usually  be  found  that  there 
is  a  large  variation,  amounting  often  to  50  or  100  per  cent;  so 
long  as  the  minimum  is  not  too  low,  however,  such  differences 
are  of  no  consequence,  and  in  fact  are  imperceptible  to  the  eye. 

The  theoretical  problem  of  securing  uniform  illumination, 
which  involves  both  the  calculation  of  reflecting  surfaces,  and 
the  proper  placing  of  the  light  units,  is  a  most  interesting  one; 
it  must  not  be  forgotten  that  it  is,  nevertheless,  a  theoretical 
problem,  and  the  discrepancy  between  theory  and  practice  is 
usually  very  considerable.  Considering  a  source  of  light  as  a 
point,  it  is  comparatively  easy  to  determine  the  conditions  for 
obtaining  a  given  distribution  of  light  by  means  of  reflection 
or  refraction;  but  when  one  deals  with  light-sources   as  they 
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are,  of  considerable  dimensions,  he  finds  that  his  theory  is  in 
error  to  such  an  extent  as  to  render  the  actual  design  of  appara- 
tus fully  as  much  an  art  as  a  science.  The  results  will  depend 
upon  the  skill  with  which  the  compromise  between  theory  and 
practice  can  be  effected.  I  do  not  deny  the  value  and  importance 
of  theory ;  I  merely  wish  to  emphasize  the  importance  of  practice. 

President  Bell: — The  chair  would  simply  like  to  express  a 
word  of  appreciation  concerning  Mr.  Wohlauer'^  paper,  in  the 
direction  of  the  usefulness  of  the  methods  which  he  has  noted 
for  the  laying  out  of  reflectors  for  especial  purposes.  I  want  to 
say  that,  as  a  matter  of  fact,  one  can  employ  the  graphical 
methods  which  Mr.  Wohlauer  has  pointed  out,  or  the  cognate 
methods  which  suggest  themselves  to  anyone  who  understands 
the  theory  of  it,  and  lay  out  reflectors  that  will  produce  results 
which  at  first  sight  seem  absolutely  impossible.  The  success  of 
these  methods  in  practice  will  fully  justify  their  use. 

Mr.  Alfred  Wohlauer: — As  to  the  remarks  of  the  first  speak- 
ers, I  wish  to  say  that  I  did  not  desire  to  disregard  the  aesthetic 
side  of  the  illuminating  art.  I  wanted  merely  to  point  out  and 
prove  to  the  architect  that  the  illuminating  engineer  knows  more 
about  lighting  than  the  architect  and  is  therefore  useful  to  him. 
If  we  enter  into  any  artistical  competition,  with  the  architect. 
If  we  enter  into  any  artistical  competition  with  the  architect, 
and  will  never  hold  our  own.  Nevertheless,  I  admit  that  it  is  a 
very  good  thing  for  the  illuminating  engineer  to  have  certain 
knowledge  ot  artistic  rules  and  an  artistic  intuition.  If  he  has 
such,  he  will  be  much  more  able  to  follow  the  ideas  of  the  archi- 
tect. For  his  own  work,  however,  he  must  know  above  all  the 
fundamentals  of  illuminating  engineering,  which  have  nothing 
to  do  with  architecture. 

As  to  the  remarks  of  Mr.  Lansingh,  I  may  say  that  I  do  not 
see  anything  ridiculous  in  the  use  of  opaque  reflectors  suspend- 
ed close  to  the  ceiling,  be  it  in  a  theatre,  or  anywhere  else.  When 
suspended  close  to  the  ceiling,  reflectors  need  not  be  translucent, 
for  the  ceiling  is,  so  to  speak,  the  last  step  of  light,  and  there 
is  nothing  beyond  to  illuminate.  Therefore,  if  the  reflectors  on 
the  ceiling  are  mirror  reflectors,  or  opaque  reflectors  of  any 
kind,  they  are  fully  correct,  whether  in  a  theatre  or  anywhere 
else.     Of  course,  it  must  be  admitted  that  there  might  be  some 
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glare  issuing  from  a  mirror  reflector,  unless  the  lamps  employed 
are  frosted,  and  there  is  no  doubt  that  means  should  be  employed 
to  avoid  or  to  dispense  with  such  a  glare. 

Mr.  Elliott  has  touched  a  subject  which  was  dirxussed  at  a 
previous  meeting  in  connection  with  structural  difficulties  in  the 
illumination  of  office  buildings.  I  believe  it  is  rather  convenient 
for  the  illuminating  engineer  who  designs  the  illumination  of  an 
office  building  to  provide  for  a  general  illumination  which  is  suf- 
ficient to  enable  a  man  at  the  desk  to  read  by,  rather  than  to 
employ  a  local  or  sporadical  illumination,  which  may  prove  to  be 
inadequate  in  the  future  due  to  the  changing  taste  of  the  occu- 
pants of  the  offices.  However,  it  is  not  always  left  to  the  illu- 
minating engineer  to  say  whether  he  prefers  uniform  illumination 
of  large  spaces  or  individual  desk  lighting. 

In  regard  to  the  illumination  of  dining  room  tables,  as  well 
as  of  desks,  etc.,  I  may  say  that  this  subject  was  treated  in 
my  paper,  such  an  illumination  being  called  sporadical.  I  believe 
it  is  very  important  for  the  individual  illumination  on  special 
tables  or  desks  in  dining  rooms  or  libraries  to  be  uniform,  and 
to  follow  the  curve  which  is  indicated  by  Fig.  i ;  this  whole 
problem  has  been  discussed  in  the  first  part  of  my  paper. 

As  to  the  design  of  reflectors,  I  must  admit  that  I  have  not 
quite  the  same  experience  as  Mr.  Elliott  has,  and  I  do  not  know 
whether  it  is  possible  to  realize  the  graphical  constructions  in 
practice,  but  Dr.  Bell  has  stated  that  it  is  possible  to  do  so. 
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THE  RELATION  BETWEEN   CANDLE-POWER  AND  VOLTAGE  OF  DIFFER- 
ENT TYPES  OF  INCANDESCENT  LAMPS. 

Mr.  P.  S.  Millar: — In  the  discussion  at  the  Convention  an  ef- 
fort was  made  to  learn  from  Mr.  Cady  what  practical  bearing  the 
results  of  his  investigation  would  have  upon  the  measurement  and 
rating  of  lamps.  Although  the  author  stated  that  his  investiga- 
tion was  one  of  scientific  interest,  and  that  he  had  not  endeavored 
to  apply  it  commercially,  yet  it  was  felt  that  in  considering  it  in 
our  Society,  we  ought  not  to  neglect  any  possible  practical  appli- 
cation. I  have  tried  to  learn  Mr.  Cady's  test  results,  but  up  to 
this  time  have  been  unable  to  do  so. 

From  the  exponents  given  in  the  paper,  I  have  computed  his 
probable  results,  and  I  find  that  throughout  a  range  of  50  per 
cent,  candle-power  with  that  corresponding  to  3.1  watts  per 
candle  as  the  center  of  the  range,  they  vary  by  no  more  than 
one  per  cent,  from  experimental  results.  In  other  words,  it 
would  appear  that  one  may  still  feel  that,  for  approximation 
results,  he  may  apply  a  constant  exponent  throughout  a  range  of 
50  per  cent,  candle-power. 

Incidentally,  it  may  be  noted  that  experimental  results  have 
indicated  that  for  a  treated  carbon  filament  lamp,  of  3.1  watts 
per  candle,  5.5  is  about  the  correct  exponent  and  that  when  this 
is  applied  to  the  per  cent,  change  in  voltage,  it  will  yield  the  per 
cent,  change  in  candle-power  with  a  very  good  degree  of  accuracy. 

THE    INTENSITY    OF    NATURAL    ILLUMINATION    THROUGHOUT    THE 

DAY. 

Mr.  P.  S.  Millar: — Two  interesting  points  regarding  Mr. 
Lewinson's  paper  were  brought  out  at  the  Convention.  Mr. 
Hering,  in  discussing  the  paper,  pointed  out  that  the  brightness 
of  a  white  surface  illuminated  by  the  sun  at  midday  in  the  sum- 
mer time  is  of  the  same  order  as  the  brightness  of  an  ordinary 
incandescent  gas  mantle.  The  second  point  was  made  by  Mr. 
Lewinson   in   the   paper;   it  is   to   the   efifect  that   with   2   foot- 
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candles  of  natural  illumination  at  twilight  and  at  dawn,  one  is 
unable  to  read  ordinary  print,  whereas  with  artificial  light  of 
this  intensity  one  is  accustomed  to  feel  satisfied. 

Mr.  B.  L.  Elliott : — In  regard  to  the  intensity  of  the  Welsbach 
mantle  as  compared  with  white  paper  in  sunlight,  was  not  the 
entire  area  of  the  apparent  space  occupied  by  the  mantle  taken 
instead  of  the  actual  space  occupied  by  the  threads? 

Mr.  Millar : — I  think  that  is  so,  although,  as  far  as  I  remember, 
Mr.  Hering  did  not  bring  out  the  point. 

Mr.  D.  McF.  Moore: — The  point  just  brought  out  by  Mr. 
Millar  in  reference  to  2  foot-candles,  which  is  also  put  in  the 
form  of  a  question  by  Mr.  Lewinson  in  his  paper,  has  been  ex- 
plained in  several  different  ways,  but  nobody  seems  to  have  men- 
tioned the  matter  of  pupilary  dilation  and  contraction.  I  have 
my  doubts  whether  there  is  any  difference  between  2  foot-candles 
of  natural  and  artificial  light.  It  is  a  well  known  fact  that  a  great 
many  eyes  require  as  much  time  as  half  an  hour  to  dilate  suf- 
ficiently to  get  a  correct  value  of  a  given. illumination,  and  I  be- 
lieve that  if  the  observers  had  been  for  perhaps  a  half  hour  in 
a  room  with  the  light  at  about  2  foot-candles,  they  would  have 
been  able  to  observe  the  readings  on  the  photometer  without  any 
trouble. 

Mr.  A.  J.  Marshall: — Regarding  the  proposition  of  pupilary 
dilation,  I  wish  to  say  that  inasmuch  as  Mr.  Lewinson  made  ob- 
servations all  night  with  a  light  of  very  slowly  changing  in- 
tensity, it  seems  to  me  that  the  statement  of  Mr.  Moore  does  not 
hold  good.  He,  I  understand,  had  been  there  for  considerable 
more  than  half  an  hour  taking  readings  with  this  intensity  and 
there  was  only  a  very  slight  change  throughout  that  time. 

Mr.  D.  McF.  Moore : — In  answer  to  Mr.  Marshall  I  think  one 
of  the  striking  points  brought  out  by  the  paper  was  the  sudden- 
ness with  which  the  intensity  fell  with  the  setting  of  the  sun  and 
that  there  was  by  no  means,  a  half-hour  for  the  eye  to  dilate. 

Mr.  P.  S.  Millar: — Referring  to  the  point  Mr.  Moore  has 
just  made,  that  pupilary  dilation  may  account  for  this  phenome- 
non, I  would  point  out  that  the  observers  had  been  working  in 
the  darkness,  and  although  the  change  in  natural  illumination  at 
the  time  was  very  rapid,  yet  in  the  morning  it  was  a  change  in  a 
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direction  which  would  not  explain  the  peculiar  effect.  As  the  ob- 
servers had  been  working  in  the  darkness  for  sometime,  the 
pupils  would  have  been  dilated  and  the  tendency  would  have 
been  rather  to  over-estimate  the  natural  illumination  in  the  morn- 
ing. 

Mr.  Norman  Macbeth : — Was  not  the  value  of  2  foot-candles 
stated  to  be  insufficient  to  read  the  instruments  ?  It  was  said  that 
2  foot-candles  "would  be  sufficient  to  read  a  newspaper,"  but 
might  not  be  enough  for  the  proper  reading  of  the  fine  scales 
on  the  instruments. 

Mr.  L.  J.  Lezvinson : — The  photometer  scale  was  ver- 
tical. The  standard  lamp  gave  only  enough  light  to 
show  the  position  of  the  indicator ;  an  auxiliary  incandes- 
cent lamp  was  needed  to  read  the  scale.  I  could  not  read  from 
the  note  book  and  needed  the  illumination  from  an  extra  incandes- 
cent, lamp,  to  make  notes  in  the  book,  with  2  foot-candles  of 
natural    illumination. 

THE  INTEGRATING   SPHERE   IN   INDUSTRIAL   PHOTOMETRY. 

Mr.  L.  J.  Lewinson : — I  wish  to  emphasize  the  point  brought 
out  by  the  authors,  where  they  say,  ''we  have  been  slow  to  inves- 
tigate the  merits  of  the  integrating  sphere,  although  its  simplicity 
and  other  meritorious  features  have  been  appreciated."  The 
Matthews  integrating  photometer,  which  has  been  used  in  a  few 
photometric  laboratories  is  a  very  cumbersome  piece  of  apparatus 
and  from  a  commercial  point  of  view  it  is  difficult  to  handle.  The 
integrating  sphere  is  a  simple  and  accurate  device,  and  it  should 
have  an  important  bearing  upon  the  lighting  industry. 

Dr.  A.  H.  Blliott: — The  application  of  the  principle  of  the  in- 
tegrating sphere  is  obvious  and  I  hope  that  the  future  will  show 
its  developments.  What  is  needed  more  and  more  in  photometric 
apparatus  is  simplification,  with  a  view  to  obtaining  accurate  re- 
sults. 

Mr.  Preston  S.  Millar: — As  showing  the  accuracy  of  the  inte- 
grating sphere  under  adverse  conditions,  I  may  mention  that 
when  an  incandescent  lamp,  the  bulb  of  which  was  painted  black 
on  one  side,  was  placed  within  the  sphere,  so  that  one  side  of  the 
sphere  was  much  more  brightly  lighted  than  the  other  side  in  so 
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far  as  direct  light  was  concerned  it  was  found  at  first  that 
changes  in  the  orientation  of  the  lamp  with  such  distorted  light 
distribution  caused  considerable  differences  in  the  results.  It 
became  necessary  to  design  the  sphere  correctly,  particularly  with 
reference  to  the  screen,  before  this  difficulty  could  be  overcome. 
The  sphere  as  now  constructed  is  free  from  error  of  that  kind. 
With  a  lamp  having  such  largely  distorted  distribution  as  that 
described,  no  differences  in  result  are  obtained  when  the  orienta- 
tion of  the  lamp  is  changed. 

thi:  cai.cui.ation  of  ii.i.umination  by  the  fl.ux-oi?-ught 

me:thod. 

Mr.  J.  S.  Codman : — The  paper  by  Messrs.  Cravath  and  Lan- 
singh  is  very  interesting  indeed  and  when  I  heard  it  read  at 
Philadelphia  I  thought  that  the  flux-of-light  method  might  prove 
very  useful  in  calculation.  However,  after  careful  study  I  have 
been  led  to  doubt  whether  the  method  is  as  practical  as  it  seemed  at 
first.  The  table  given  is  of  course  very  practical,  although  being 
only  a  rough  approximation.  The  method  of  finding  the  flux  in 
different  zones  is  also  very  practical.  The  question  is,  however, 
whether  the  flux-of-light  method  itself  is  of  any  great  practical 
value.  The  important  formula  which  the  authors  make  use  of, 
namely,  "the  average  foot-candles  times  watts  per  lumen  equal 
watts  per  square  foot"  expresses  simply  the  fact  that  the  foot- 
candles  desired  multiplied  by  the  watts  per  lumen  that  are  actually 
effective  on  the  chosen  plane  give  the  necessary  value  of  watts 
per  square  foot.  Now,  as  the  authors  have  stated,  the  key  to 
the  whole  problem  is  the  determination  of  the  proper  number  of 
lumens  actually  effective  on  the  plane ;  in  other  words,  the  deter- 
mination of  the  angle  which,  in  the  Lansingh-Rolph  paper,  is 
spoken  of  as  the  effective  angle.  The  question  of  this  angle  is 
in  fact  the  key  to  the  whole  problem.  One  must  know  this  angle 
in  order  to  arrive  at  the  watts  per  lumen.  The  question  arises 
as  to  the  existence  of  any  practicable  way  to  ascertain  what  the 
effective  angle  is.  The  authors  apparently  have  estimated  the 
value  in  the  following  manner.  The  table  gives  the  watts  per 
lumen  as  found  by  actual  measurements  for  different  condi- 
tions ;  that  is  to  say,  using  different  kinds  of  lamps  arranged  differ- 
ently in  different  rooms.     Consider  the  first  one  in  that  table, — ' 
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tungsten  lamps  rated  at  1.25  watts  per  horizontal  candle-power; 
etc.  Assuming  the  watts  per  lumen  as  given  it  is  possible  to  cal- 
culate the  effective  angle,  but  that  is  doing  the  thing  backwards. 
Instead  of  using  the  effective  angle  to  ascertain  what  the  watts 
per  lumen  are,  we  have  ascertained  the  watts  per  lumen  by- 
actual  measurements  and  then  have  calculated  the  effective  angle. 
The  effective  angle  found  thus  does  seem  to  me  to  be  of  no  prac- 
tical value,  as  one  would  certainly  go  to  the  table  for  the  value 
of  watts  per  lumen  and  not  re-figure  it  by  the  flux-of-light  meth- 
od. It  might  seem  possible,  however,  that  the  flux-of-light  meth- 
od could  be  used  in  the  following  way :  For  one  particular  lay- 
out one  could  measure  the  watts  per  lumen,  calculate  the  effective 
angle  and  then  use  that  effective  angle  for  the  calculation  of 
illumination  in  another  case.  As  a  matter  of  fact,  however,  this 
cannot  be  done,  because  in  changing  the  installation  the  effective 
angle  would  be  changed  also,  even  if  the  only  change  in  the  in- 
stallation were  the  substitution  of  another  source  of  light,  and  all 
other  conditions,  including  height  and  position  of  sources,  the 
color  of  the  walls  and  dimensions  of  the  room,  etc.,  remained  un- 
changed. 

The  above  relation  is  more  or  less  evident,  without  demon- 
stration, but  it  is  well  brought  out  in  the  paper  by  Messrs. 
Lansingh  and  Rolph.  When  three  bare  lamps  were  used,  with 
dark  ceiling,  walls  and  floor,  the  effective  angle  was  50  degrees. 
When  three  lamps  were  used  with  reflectors,  the  ceiling,  walls 
and  floor  remaining  dark,  the  effective  angle  was  46  degrees. 
On  the  other  hand  according  to  the  calculated  illumination  the 
effective  angles  are  found  to  be  nearer  together,  namely,  46  and 
47  degrees.  In  other  words,  if  the  ceiling,  walls  and  floor  were 
absolutely  black,  the  effective  angles  would  be  equal  and  one  could 
use  the  following  method : 

Measvure  the  watts  per  lumen  effective  with  one  source  of 
light  and  ascertain  the  effective  angle.  This  angle  can  then  be 
used  for  calculating  the  watts  per  lumen  from  another  source 
of  light. 

The  method  here  mentioned  could  be  used  only  with  dark 
walls,  ceiling  and  floor.  Nevertheless,  it  would  be  decidedly  use- 
ful. One  could  assume  certain  conditions  with  one  source  of  light 
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and  could  calculate  the  illumination  by  the  old  point-to-point 
method  properly  applied.  Properly  applied  one  could  estimate 
the  lumens  effective  by  the  point-to-point  method.  Having 
done  that  he  could  calculate  the  effective  angle  and  then 
substituting  another  light  source  and  calculating  by  the  flux-of- 
light  method,  which  is  much  shorter  than  the  point-to-point 
method  he  could  find  the  lumens  effective  with  the  new  source. 
So  far  as  I  can  see,  this  is  the  only  way  in  which  it  can  be  used. 
I  should  like  to  know  how  others  have  used  it  in  the  past 
and  have  them  explain  it. 

Mr.  B.  L.  Elliott : — It  seems  to  me  that  the  flux-of-light  method 
is  rather  a  preliminary  operation  than  a  com^plete  method.  The 
error  to  which  the  authors  call  attention,  which  consists  in  tak- 
ing the  average  of  the  different  values  of  foot-candles  as  the  aver- 
age illumination,  hardly  seems  to  be  an  error.  I  do  not  see  that 
the  average  cuts  any  figure.  Talking  about  average  illumination, 
it  seems  to  me  is  a  good  deal  like  getting  the  average  intelligence 
of  a  number  of  people  in  a  room.  The  problem  of  the  illumina- 
tion of  a  room  or  a  space  of  any  kind,  or  a  street  for  that  mat- 
ter, in  its  practical  aspects  is  a  question  of  maximum  and  mini- 
mum intensity,  and  whether  one  can  see  at  every  point  in  the 
room  to  do  what  he  wants  to  do ;  the  average  is  of  little  prac- 
tical importance.  The  method  may  save  some  guessing,  but 
it  is  a  question  whether  one  cannot  guess  more  quickly  than  he 
can  figure  it  out. 

Mr.  V.  R.  Lansingh: — (Communicated  after  adjournment). 
Mr.  Codman's  objections  to  the  flux-of-light  method  of  calcula- 
tion is  probably  as  valid  for  this  method  as  it  is  for  the  old  point- 
by-point  method  of  calculation,  where  the  effect  of  walls  and 
ceiling  is  not  taken  in  account  at  all.  It  is  perfectly  true  that  the 
effective  angle  is  determined  by  working  back  from  actual  tests 
where  the  lumens  per  watt  are  first  ascertained,  but  after  one  has 
had  a  certain  amount  of  experience  in  working  with  these  con- 
stants and  understanding  the  conditions,  it  is  a  comparatively 
simple  matter  to  select  the  effective  angle.  Thus,  in  the  case  of 
one  building  the  writer  has  in  mind,  the  effective  angle  was  only 
15  degrees  each  side  of  the  vertical  if  account  was  taken  simply 
of  the   flux   of  light  which   would   fall   on   the  working  plane. 
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Owing  to  surrounding  conditions,  it  was  decided  to  increase  the 
value  to  30  degrees  and  the  number  of  lumens  within  30  de- 
grees was  calculated  and  the  foot-candles  determined  by  this 
method.  This  value  was  afterwards  checked  up  by  the  point- 
and-point  method,  which  led  to  the  same  results;  although,  of 
course,  by  a  much  longer  method. 

In  other  words,  in  order  to  use  the  flux-of-light  method  cor- 
rectly in  cases  where  no  constants  are  known  to  cover  conditions 
one  has  to  employ  a  whole  lot  of  common  sense  and  good  judg- 
ment, the  same  as  in  any  problem  of  illumination,  and  if  one  brings 
to  bear  such  good  judgment,  the  flux-of-light  method  will  save 
a  great  amount  of  calculation.  It  is  in  no  sense  a  panacea  for  an 
ignoramus  who  has  not  had  experience  or  judgment,  unless 
constants  to  fit  the  conditions  have  already  been  ascertained. 
Fortunately,  in  a  large  portion  of  the  installations  which  are  now 
going  on,  the  constants  as  given  in  the  tables  fit  conditions 
and  can  be  safely  used.  Thus,  with  tungsten  lamps  in  a  com- 
paratively large  room,  if  use  is  made  of  a  constant  of  from  .20  to 
.25,  or,  as  I  prefer  to  put  it,  from  four  to  five  expressed  in 
lumens  per  watt,  the  result  would  fit  nine  cases  out  of  ten  and  it 
would  be  safe  to  figure  on  this  basis. 

There  is  another  thing  which  the  flux-of-light  method  gives 
and  which  the  point-by-point  method  does  not  give  without  a  vast 
amount  of  labor,  and  that  is  the  average  illumination  throughout 
the  area  concerned.  It  is  practically  impossible  to  ascertain  this 
value  by  the  point-and-point  method,  whereas  the  flux-of-light 
method  gives  it  at  once.  If  this  method  had  no  other  use  than 
this,  it  would  certainly  be  valuable.  Both  Mr.  Cravath  and  my- 
self have  used  this  method  for  nearly  a  year  and  we  have  found 
that  in  actual  practice  satisfactory  results  can  be  obtained. 

ILLUMINATION  OF  THE  NEW  YORK  CITY  CARNEGIE  LIBRARIES. 

Mr.  J.  S.  Codman : — What  is  the  distinction  between  glass- 
ware C  and  glassware  D?     Were  they  used  in  different  places. 

Mr.  L.  B.  Marks: — Glassware  C  represents  a  prismatic  re- 
flector having  a  bat-wing  distribution,  which  reflector  is  covered 
by  an  outer  shade  of  opal  glass,  green  on  the  outside  and  white 
on  the  inside.     Glassware  D  represents  a  concentrating  prismatic 
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reflector  covered  with  a  shade  of  the  same  character  as  that  of 
glassware  C.  The  fixtures  provided  with  glassware  D  are  used 
for  the  illumination  of  the  free  standing  book  cases,  whereas 
the  fixtures  provided  with  glassware  C  are  used  for  lighting  the 
rectangular  reading  tables. 

THE  IVES  COI.ORIMETER  IN  ILLUMINATING  ENGINEERING. 

Mr.  D.  McF.  Moore: — At  the  Convention  I  took  exception  to 
the  numerical  values  given  in  the  paper  for  the  carbon  dioxide 
tube,  and  subsequent  to  the  Convention  and  the  presentation  of 
the  paper  I  arranged  with  Mr.  Ives  to  make  tests  to  ascertain 
whether  or  not  the  values  given  in  the  paper  could  be  corrobo- 
rated. The  values  in  the  paper  were  for  the  carbon  dioxide  tube : 
Red  100,  green  120  and  blue  520.  The  values  obtained  in  the 
corroborative  tests  were  100  for  the  red,  91.53  for  the  green  and 
67.8  for  the  blue,  which  indicates  quite  a  discrepancy.  Moreover, 
it  was  conceded  that  on  the  day  when  the  tests  recorded  in  the 
paper  were  made,  the  sky  was  extra  blue  and  that  if  the  day  had 
been  a  normal  day,  the  average  day,  there  is  every  reason  to  be- 
lieve that  the  results  obtained  by  certain  German  tests  would  have 
been  corroborated.  Roughly  these  are  the  results  of  the  German 
tests:  Red  100 ;  Green  103  ;  Blue  104,  which  show  that  light  of  the 
carbon  dioxide  tube  really  does  equal  that  of  average  daylight.  It 
comes  within  about  three  per  cent,  of  it  and  therefore  all  these 
tests  prove  that  in  the  table  in  the  paper,  the  carbon  dioxide  tube 
should  have  been  given  the  first  place  as  regards  approximation 
to  daylight.  As  to  how  the  error  crept  in  may  be  explained  in  a 
number  of  ways ;  but  it  is  interesting  to  note  again  that  the  results 
were  obtained,  as  the  paper  says,  indirectly.  That  is  the  carbon 
dioxide  tube  was  first  compared  with  an  arc  lamp,  and  a  flicker- 
ing arc  at  that,  and  it  was  then  compared  with  an  incandes- 
cent lamp  and  it  in  turn  with  daylight,  so  there  were  four  factors. 
Of  course,  the  subsequent  tests  were  obtained  by  direct  comparison. 
I  wish  also  to  say  that  the  last  tests  proved  that  the  Ives  colorimeter 
is  an  extremely  practical  and  valuable  instrument  and  I  believe 
it  will  prove  of  great  value  to  the  illuminating  engineering  pre 
fession. 

Mr.  F.  B.  Ives: — As  having  made  the  original  measurements 
at  the  post  office  which  afterwards,  by  transcription  gave  a  mis- 
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leading  Impression  about  the  carbon  dioxide  tube,  I  want  to  say 
that  I  was  asked  to  go  to  the  post  office  to  use  the  colorimeter 
without  knowing  at  all  what  the  condition  would  be  tliere.  We 
had  to  improvise  or  build  a  platform  and  get  up  under  the  ceil- 
ing to  make  the  observations  on  the -instrument  where  it  was  just 
barely  possible  to  get  one  eye  over  the  eye  piece  by  pressing  up 
against  the  ceiling.  We  had  to  use  an  electric  arc  lamp  as  a 
standard  for  comparison  and  the  current  appeared  to  be  fluctuat- 
ing tremendously.  We  could  not  control  the  electric  arc  lamp ; 
one  minute  it  would  almost  go  out  and  the  next  it  would  be 
very  bright,  and  it  was  changing  in  color  continually.  We 
simply  did  the  best  we  could  with  it.  Afterwards  the  same  lamp 
was  connected  in  another  place  and  compared  with  an  incandes- 
cent bulb.  I  reported  the  figures  obtained  with  the  variable 
electric  arc  lamp  and  they  were  taken  to  Washington  and  com- 
pared with  other  measurements.  Now,  when  I  subsequently  tested 
the  carbon  dioxide  tube  I  compared  it  with  two  things :  In 
the  first  place,  the  day  was  an  extraordinarily  clear  one  with 
an  unusually  blue  sky.  The  tube  was  compared  against  the  blue  sky 
at  zenith  and  against  sunlight  reflected  from  an  opal  glass.  The 
light  of  the  tube  was  less  blue  than  the  sky  at  zenith,  but  twice 
as  blue  (relatively  to  red)  as  the  sunlight  reflected  from  the  opal 
glass ;  and  that  corresponds  to  the  estimate  I  gave  at  Phila- 
delphia that  the  light  of  the  tube  corresponded  to  a  moderately 
blue  sky. 

A  medium  blue  sky  would  not  be  accepted  as  average  daylight 
at  the  Bureau  of  Standards.  Thus,  Mr.  Moore's  idea  of  average 
daylight  is  bluer  than  average  daylight  which. would  be  accepted, 
for  instance,  by  Prof.  Nichols.  Nevertheless,  there  is  a  point 
in  which  I  agree  with  Mr.  Moore  completely  and  that  is  to  say 
in  comparing  the  color  of  fabrics  and  that  sort  of  thing,  they 
will  more  often  be  subjected  to  the  light  from  the  north  sky,  com- 
ing through  a  north  window,  than  to  sunlight  from  a  south  win- 
dow. 

Mr.  B.  L.  Elliott: — I  want  to  express  my  satisfaction  at  the 
corrected  figures.  I  took  occasion  to  remark  at  the  Convention 
that  the  discrepancy  was  so  large  as  to  be  extremely  disappointing 
I  think  the  last  test  clears  up  the  matter  very  well.     I  believe 
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it  bears  out  Mr.  Moore's  contention  that  one  could  do  no  better 
in  selecting  a  standard  white  light  than  to  use  his  carbon  dioxide 
tube.  The  light  from  it  is  something  which  can  always  be  pro- 
duced of  invariable  quality,  so  far  as  color  is  concerned,  and  I 
think  that  the  suggestion  is  a  very  important  one. 

Mr.  Norman  Macbeth : — In  connection  with  the  statements : 
''From  these  figures  the  best  light  of  the  five  for  matching  colors 
is  that  of  the  Welsbach,  while  that  of  the  Cooper-Hewitt,  an 
extremely  selective  source,  exhibits  wide  deviations.  That  the 
latter  should  be  the  case  is  to  be  expected,"  and  "Hence 
in  the  case  of  a  selective  source  the  color  of  a  white 
surface  is  no  guide,  either  for  the  eye  or  for  the  colorimeter, 
to  the  effect  on  a  colored  surface,"  I  find  in  the  paper  given 
by  Dr.  Bell  before  this  Society  in  June,  1906,  some  curves  from 
Prof.  Nichols'  data  stating  that  the  Welsbach  mantle  "shows  a 
considerable  departure  from  the  distribution  of  the  normal  incan- 
descent body,  due  not  to  enhanced  temperature,  but  to  power- 
fully selective  radiation."  I  would  like  to  know  if  in  view  of 
these  conditions  the  conclusions  in  Dr.  Ives'  paper  are  correct. 

Mr.  P.  B.  Ives : — The  paper  under  discussion  is  my  son's  paper, 
and  he  did  the  work.  Personally,  with  respect  to  the  light  of 
the  Welsbach  lamp,  I  know  that  as  compared  with  daylight, 
which  one  is  accustomed  to  use  for  matching  colors  and  so  on, 
it  is  quite  distinct  in  violet,  that  is  spectrum  violet  rays.  I  do 
not  consider  it  a  very  good  light  for  matching  colors  myself. 
The  light  from  the  carbon  dioxide  tube  would  be  incomparably 
better,  in  fact  there  is  nothing  better.  The  light  from  an  electric 
arc  lamp  is  good  but  not  an  absolutely  fixed  standard  like  that 
of  the  carbon  dioxide  tube. 

CALCULATING    AND    COMPARING    LIGHTS    FROM    VARIOUS    SOURCES. 

Mr.  P.  S.  Millar: — Much  of  the  discussion  of  Mr.  Hering's 
paper  at  the  Convention  referred  to  his  definition  of  flux  units. 
Our  usual  practice  has  been  to  consider  flux  as  equal  to  unit 
solid  angle  multiplied  by  ^-n-  times  the  mean  spherical  caudle- 
power. 
Flux  =  unit  solid  angle  X  47r  X  mean  spherical  candle-power. 

Mr.  Hering  gives  due  attention  to  this  method.  He  recog- 
nizes it  and  thinks  it  should  be  introduced  more  widely.     How- 
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ever,  he  mentions  another  unit  of  flux  as  an  alternative  unit. 
To  make  the  use  of  this  unit  possible,  he  takes  the  sphere  as  the 
unit  of  solid  angle,  which  multiplied  by  the  mean  spherical  candle- 
power,  equals  this  unit  of  flux  which  he  calls  the  "spherical 
candle." 

Sphere  =:  unit  solid  angle  X  47^ 
Flux  =  sphere  X  mean  spherical  candle-power. 

Now,  the  sphere  is  simply  unit  solid  angle  multiplied  by  47r. 
In  other  w^ords,  the  ^tt  factor  is  applied  to  unit  solid  angle  to 
create  a  new  unit  of  solid  angle, — the  sphere,  after  which  the 
use  of  the  proposed  unit  of  flux,  [he  spherical  candle,  becomes 
possible.  The  only  way  in  which  the  spherical  candle  can  be 
used  is  to  assume  the  sphere  as  the  unit  of  solid  angle. 

The  "spherical  candle"  is  stated  by  Mr.  Hering  to  be  the  com- 
mon unit  of  flux.  I  must  take  issue  with  him  there.  I  do  not 
think  it  is.  Personally,  I  have  never  known  of  any  one  using 
it  as  the  unit  of  flux  except  Mr.  Hering.  We  have  often  used 
the  mean  spherical  candle-power,  but  this  has  been  used  as  the 
average  intensity  in  all  directions  about  a  source.  There  is  no 
intention,  I  believe,  in  the  paper  to  use  the  mean  spherical  candle- 
power  as  the  unit  of  flux.  Mr.  Hering  specifically  states  that 
the  unit  which  has  been  used  in  practice  "although  not  gener- 
ally under  the  name  of  flux"  is  the  "spherical  candle."  I  want 
to  repeat  that  I  have  never  met  with  the  use  of  this  quantity 
as  the  unit  of  flux,  and  that  the  only  people  in  this  country  who 
have  treated  of  light  flux  as  such  have  referred  to  it  in  terms 
of  the  lumen. 

The  chief  objection  which  has  been  urged  against  the  lumen  is 
that  its  use  in  connection  with  our  unit  of  light  intensity  intro- 
duces confusion,  in  that  it  is  used  in  Germany  in  connection 
with  the  hefner  candle.  It  should  not  be  lost  sight  of  that  the 
use  of  the  lumen  in  connection  with  the  hefner  is  unauthorized. 
The  lumen  was  first  proposed  by  Blondel  as  the  unit  of  flux,  and 
was  adopted  at  the  Geneva  International  Congress  before  which 
Blondel  proposed  it.  It  was  based  upon  the  bougie  decimale 
as  the  unit  of  intensity.  Now  the  bougie  decimale  is,  so  far  as 
we  can  tell,  practically  the  equivalent  of  our  candle-power.     In 
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the  very  near  future  we  hope  to  have  adopted  an  international 
unit  of  light  intensity  which  will  make  the  unit  of  light  intensity 
in  England,  France  and  America  one  and  the  same,  and  this  will 
be  the  practical  equivalent  of  the  bougie  decimale. 

In  using  the  lumen  with  our  candle-power  therefore,  we  are 
making  a  very  close  approximation  to  its  authorized  value.  The 
use  of  the  lumen  in  connection  with  the  hefner  is  based  upon  the 
msconception  that  the  hefner  is  practically  the  equivalent  of 
the  bougie  decimale.  At  the  Geneva  Conference  it  was  thought 
this  was  the  case,  and  that  therefore  for  practical  purposes  the 
hefner  could  be  used  as  the  equivalent  of  the  bougie  decimale. 
As  a  matter  of  fact,  it  differs  from  that  unit  by  about  11  per 
cent.,  and  the  German  use  of  the  lumen  based  upon  the  hefner  is 
therefore  incorrect  to  that  extent. 

At  the  present  time,  we  are  growing  accustomed  to  the  use 
of  the  lumen  as  the  unit  of  flux.  It  works  out  beautifully  with 
our  system  of  computing  illuminating  efficiencies,  and  the  intro- 
duction of  an  alternative  unit  which  makes  necessary  the  assump- 
tion of  a  new  unit  of  solid  angle  can  serve  no  useful  purpose, 
and  must  simply  introduce  confusion. 

In  treating  of  intensity,  Mr.  Hering  gives  the  common  unit  as 
one  candle-power,  and  the  official  unit  as  one  hefner.  The 
candle-power  is  the  common  unit,  and  so  far  as  we  have  one 
it  is  the  official  unit  in  this  country.  The  nearest  approach  to 
an  official  declaration  on  this  subject  is  the  report  of  the  American 
Institute  of  Electrical  Engineers,  which  states  that  the  unit  of  lu- 
minous intensity  is  the  candle-power.     It  does  not  say  that  it  is 

based  upon  the  hefner,  but  declares  that  it  is  -— -  of  the  hefner. 

00 

As  a  matter  of  fact,  the  unit  is  derived  from  a  group  of  incan- 
descent lamps  in  possession  of  the  National  Bureau  of  Standards, 
at  Washington.  There  is  no  declaration  in  favor  of  the  hefner, 
and  the  statement  that  the  hefner  is  the  official  unit  seems  to 
me  a  most  unfortunate  one  in  view  of  the  facts. 

In  treating  of  the  units  of  illumination  intensity,  the  foot- 
candle  is  given  as  the  common  unit  and  the  lux  as  the  official 
unit.  It  seems  to  me  that  the  lux  is  open  to  all  of  the  objections 
which  can  be  urged  against  the  hefner  and  the  lumen  together, 
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while  unlike  the  lumen,  there  do  not  exist  any  reasons  for  its 
use. 

Mr.  Alfred  A.  Wohlauer : — In  regard  to  the  remark  of  Mr.  Mil- 
lar, I  understood  Mr.  Hering  somewhat  differently.  I  believe  he 
did  not  want  to  introduce  a  new  unit  or  spherical  candle,  but 
merely  wanted  to  point  out  that  the  spherical  candle  is  really 
a  flux  value  and  not  a  candle  value.  He  says  that  a 
lumen  is  simply  the  mean  spherical  candle  multiplied  by  47r. 
As  I  said  in  the  discussion  of  Mr.  Hering's  paper,  illuminating 
engineers  need  not  bother  with  candles  if  they  deal  exclusively 
with  light  and  illumination. 

Mr.  Carl  Hering: — (Communicated  after  adjournment).  Mr. 
Millar's  discussion  was  in  great  part  virtually  a  repetition  of 
Dr.  Sharp's  remarks  at  the  Convention  in  Philadelphia,  and  as 
I  have  already  answered  the  latter,  I  refer  those  who  may  be  in- 
terested, to  my  reply  to  that  original  discussion.  As  he  repeats 
these  remarks  after  having  heard  my  verbal  reply  to  them,  he 
either  did  not  understand  them  or  still  does  not  agree  with  me. 
Instead  of  clearing  up  the  situation  he  confuses  it  still  more 
by  some  mysterious  and  unexplained  distinction  between  the 
terms  "spherical  candle"  and  ''spherical  candle-power,"  which  he 
apparently  wants  the  reader  to  believe  was  made  by  me.  I  deny 
having  made  any  such  distinction  in  my  paper  or  at  any  other 
time,  and  would  not  have  made  it,  as  it  would  merely  confuse  in- 
stead of  clarify  a  situation  which  is  too  misty  as  it  is. 

That  Mr.  Millar  has  never  known  of  any  one  using  the  spheri- 
cal candle  as  a  measure  and  unit  of  flux,  is  his  fault  and  not 
mine.  He  will  find  it  for  instance  in  Franklin  &  Esty's  ''Elec- 
trical Engineering,"  Chap.  X,  in  which  this  is  the  only  unit  of 
flux  prominently  mentioned,  the  lumen  described  therein  being 
only  the  original  foreign  lumen  and  not  the  hybrid  one  recently 
introduced  here,  apparently  by  Mr.  Millar's  friends.  I  repeat 
that  we  have  all  been  using  the  spherical  candle  as  a  measure 
of  flux  for  many  years,  but  apparently  without  noticing  that  It 
really  represented  flux.  Hence  I  was  not  suggesting  any  new 
unit,  but  merely  called  attention  to  the  true  existing  state  of 
affairs.     Mr.    Millar    apparently   is    not   familar   with   the    well 
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known  principle  that  physical  equations  should  balance  also  as 
far   as   dimensions   are   concerned. 

He  is  also  mistaken  when  he  says  that  ''the  only  people  in 
this  country  who  have  treated  of  light  flux  as  such  have  re- 
ferred to  it  in  terms  of  the  lumen."  A  number  of  years  ago 
and  prior  to  the  popular  introduction  of  the  present  "lumen" 
in  this  country,  I  "treated  of  light  flux"  as  he  calls  it,  quite 
thoroughly  in  my  "Conversion  Tables,"  p.  144-149,  published 
in  1904,  and  there  explained  the  only  two  then  existing  units 
of  flux,  the  original  foreign  lumen  of  Blondel,  and  our  spherical 
candle ;  our  present  lumen  did  not  exist  then  to  my  knowledge, 
and  was  created  later.  Franklin  &  Esty's  book  is  another 
illustration  that  Mr.  Millar  is  mistaken. 

The  question  of  what  the  present  value  is  of  the  older  candle- 
power  units,  is  of  historic  interest  only,  and  of  no  importance  at 
present.  The  important  point  in  practice  today  is;  that  the 
lumen  used  abroad  today  is  different  from  our  lumen ;  and  that 
this  should  be  considered  in  reading  foreign  literature,  or  when 
foreigners  read  our  literature.  This  is  all  that  I  wished  to 
emphasize  in  my  paper. 

I  differ  with  Mr.  Millar  very  decidedly  in  his  statement  that 
the  sphere  is  "a  new  unit  solid  angle ;"  it  is  undoubtedly  much 
older  than  the  steradian  unit,  just  as  the  circle  is  older  than  the 
degree  or  the  radian.  Also  in  that  it  "must  simply  introduce  con- 
fusion" to  use  both  the  lumen  and  the  spherical  candle ;  on  the 
contrary  it  often  greatly  simplifies  and  facilitates  many  calcu- 
lations, as  it  often  avoids  the  tedious  multiplication  and  divis- 
ion by  47r.  The  examples  in  my  paper  illustrate  this.  It  is  like 
using  both  the  gallon  and  the  cubic  foot  as  measures  of  volume, 
or  the  circle,  the  degree  and  the  radian  as  units  of  angles,  or  the 
horse  power  and  kilowatt,  etc., — there  is  no  lack  of  precedent. 

Mr.  Millar  admits  that  our  candle  is  not  an  "oflicial"  unit. 
I  believe  the  hefner  was  "officially"  adopted  in  Germany  and  is 
therefore  entitled  to  be  thus  called,  and  that  it  was  therefore 
quite  proper  for  me  to  distinguish  between  them  in  this  way.  Mr. 
Millar  seems  to  forget  that  the  United  States  is  only  one  country 
in  this  world ;  there  are  others  whose  actions  also  deserve  con- 
sideration. That  there  "do  not  exist  any  reasons,  for  the  use  of 
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the  lux"  is,  to  put  it  mildly,  rather  uncomplimentary  to  the  for- 
eigners and  especially  to  that  able  pioneer  Blondel,  who  have 
given  us  in  the  first  and  only  rational  system  of  photometric  units, 
the  one  used  today,  and  were  the  first  to  clear  up,  by  means  of  it, 
a  very  misty  state  of  affairs.  It  is  needless  to  say  that  I  do  not 
agree  with  Mr.  Millar  in  this  and  regret  that  he  thus  reflected 
on  his  able  teachers  and  leaders  abroad. 

Mr.  Millar's  criticisms  do  not  attack  the  correctness  of  any  of 
the  formulas,  relations,  deductions,  etc.  given  in  this  paper,  but 
refer  merely  to  terms  and  to  past  history,  and  hence  pertain  only 
to  unessential  parts  of  the  paper.  Those  who  do  not  care  to 
avail  themselves  of  the  simplification  in  calculations  resulting 
from  the  use  of  both  units  of  flux,  may  simply  cross  out  the  for- 
mulas involving  the  spherical  candle — all  of  the  rest  are  given 
too. 

Those  interested  in  the  question  of  the  spherical  candle  versus 
the  lumen  as  a  unit  flux  will  find  a  short  article  by  the  writer 
in  the  Illuminating  Engineer,  Oct.,  1908,  p.  438.  (also  p.  444) 
which  explains  the  distinctions   more  clearly. 
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stre:e:t  ughting. 

Dr.  Louis  Bell: — Among  the  papers  delivered  at  the  recent 
convention  were  two  which  deal  with  street  lighting,  one  being 
entitled  "Street  Lighting  Fixtures  and  Illuminants,"  and  the 
other  ''Street  Lighting  with  Gas  in  Europe."  My  address  in 
Philadelphia  was  principally  an  appeal  for  more  light.  It  is  a 
fact  that  the  streets  of  the  average  American  city  are  very  badly 
lighted,  the  chief  fault  being  that  the  lamps  are  too  small  for 
their  spacing.  In  other  words  the  spacing  of  the  lamps  is  much 
too  extended  to  give  really  excellent  illumination  anywhere  in  the 
streets  for  any  considerable  distance.  The  ordinary  canon  of  good 
lighting  abroad  seems  to  be  the  lighting  of  the  streets  to  an  in- 
tensity sufficiently  great  to  enable  one  to  read  a  newspaper.  That 
result  is  actually  obtained  on  the  chief  streets  in  most  of  the 
European  capitals.  I  have  repeatedly  driven  down  the  streets  at 
night  and  been  able  to  read  fine  print  all  the  way  by  the  street 
lamps  alone.  Indeed,  no  city  that  pretends  to  do  first  class 
lighting  fails  to  have  several  or  a  considerable  group  of  streets 
lighted  in  that  way. 

On  the  other  hand  the  secondary  or  tertiary  streets  abroad  are 
not  lighted  on  any  particularly  brilliant  plan,  but  they  are  lighted 
I  think  more  intelligently  than  our  streets  in  America.  These 
streets  are  lighted  usually  with  small  illuminants,  commonly 
Welsbach  lamps,  or  incandescents,  or  Nernst  lamps.  The  fault 
is  not  with  the  illuminants  but  with  the  fact  that  there  are  not 
enough  of  them.  In  the  tertiary  or  outlying  streets  in  suburban 
districts  we  commit  the  blunder  also  of  using  the  same  types  of 
lamps  that  we  would  use  in  the  centre  of  the  city  and  stringing 
them  out.  We  have  arc  lamps  500  or  600  feet  apart,  and  these, 
as  seen  in  suburban  districts,  are  perfectly  useless  for 
purposes  of  illumination,  because  while  they  give  local  light  they 
produce  no  sensible  illumination  over  most  of  the  street. 

In  surburban  streets  what  is  really  wanted  is  to  mark  the  way 
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thoroughly,  which  is  best  accomplished  by  small  lamps,  closely 
spaced  rather  than  by  large  arc  lamps,  or  powerful  gas  burners, 
spaced  many  feet  apart. 

We  also  place  our  lamps  as  a  whole  very  much  too  low,  in  ad- 
dition to  using  much  smaller  units  than  are  common  in  Europe. 
The  ordinary  European  arc  lamp  gives  twice  as  much  light  as 
the  American  and  often  four  or  five  times  as  much.  In  gas 
practice  in  some  European  cities  the  very  large  Welsbach  mantle  is 
being  used  under  considerable  gas  pressure ;  by  tlus  means  there 
IS  obtained  a  powerful  lighting  unit  which  .*s  made  tc  do  ster- 
ling service,  although  at  considerable  cost.  Our  street  lighting 
has  grown  up  without  any  systematic  engineering  work  behind  it. 
A  city  started  in  years  ago  with  its  lighting  and  contracted  for 
all  the  lamps  it  could  afford  to  use.  Then  as  the  city  grew  it 
used  more  lamps.  In  some  particular  ward  a  few  lamps  were 
located  in  front  of  the  ho,uses  of  its  prominent  citizens,  etc.,  and 
the  territory  became  finally  fairly  well  covered  with  lamps  in  re- 
sponse to  the  cries  of  ward  politicians.  Such  is  the  experience 
of  most  of  the  cities.  The  fact  is  that  city  lighting  was  not 
brought  up,  but  ''just  growed"  like  Topsy,  and  the  results  are 
very  unsatisfactory.  However,  at  the  present  time  in  a  few  cities 
there  are  short  stretches  of  street  that  are  admirably  lighted.  For 
example,  in  the  upper  part  of  New  York  there  are  perhaps  two 
miles  of  street  that  are  fairly  well  lighted  from  the  engineering 
standpoint.  In  a  few  of  the  other  cities  similar  results  are  be- 
ginning to  appear. 

In  America  use  is  made  of  about  lo  kilowatts  or  so  of  power 
to  a  mile,  whereas  the  proper  amount  would  be  from  i8  to  25  kilo- 
watts per  mile  with  illuminants  of  much  greater  efficiency  than 
those  now  in  use.  Consequently  the  difference  is  so  obvious  that 
it  needs  no  discussion.  When  our  cities  are  willing  to  employ  a 
suitable  amount  of  power  to  light  the  streets  the  technical  difficul- 
ties will  disappear. 

In  my  Philadelphia  address  I  casually  mentioned  one  import- 
ant thing,  and  that  is  the  unfortunate  use  of  moonlight  schedule. 
The  moonlight  schedule  is  about  the  poorest  apology  for  a  light- 
ing schedule  which  has  ever  been  devised.  In  the  first  place 
the  light  of  the  moon  by  itself  when  full  in  our  latitude  affords 
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perhaps  0.02  foot-candle, — enough  to  stumble  about  by  but  not 
enough  to  be  really  taken  as  illumination.  A  half  moon  instead 
of  giving  one-half  gives  about  o.i  of  the  light  of  a  full  moon, 
which  is  a  completely  negligible  quantity  for  street  illumination. 
The  obvious  explanation  is  that  the  moon  has  a  tremendous  lot 
of  specular  reflection  which  is  superimposed  upon  the  general 
diffused  reflection ;  but  whatever  the  exact  cause  may  be  the  fact 
is  as  stated  above.  There  is  only  about  a  week  in  each  month 
when  the  moonlight  can  be  considered  seriously  for  street  illumi- 
nation, so  that  if  one  attempts  to  use  a  moonlight  schedule  at  all, 
use  should  be  made  of  about  80  per  cent,  of  the  energy  necessary 
for  all-night  illumination,  whereas  usually  only  about  65  per  cent,  is 
furnished.  For  rigid  economy  I  think  the  best  method  is  that 
which  is  used  abroad,  which  is  to  extinguish  alternate  lamps 
at  12  or  I  o'clock.  I  think  in  most  cities  it  is  not  desirable  to  have 
anything  but  all-night  lighting,  but  when  it  is  necessary  to  econo- 
mize it  is  best  to  pick  a  proper  time  and  place  for  extinguishing 
the  lamps  and  not  depend  upon  the  weather  and  the  moonlight. 

All  of  the  papers  on  lighting  at  the  Convention  were  of  consid- 
erable interest.  They  are  particularly  noticeable  in  showing 
the  paucity  of  invention  of  humanity  in  dealing  with  street 
lighting.  Some  of  the  systems  are  fairly  good  but  most  of  them 
are  poor,  and  in  our  American  practice  the  grievious  effect  of  parsi- 
mony is  only  too  noticeable.  Abroad  the  cities  often  own  the 
plant  and  frequently  the  fixtures.  In  Berlin  there  has  been  re- 
cently erected  in  the  most  conspicuous  part  of  the  city  two  huge 
bronze  fixtures  bearing  groups  of  enormous  flaming  arc  lamps, — 
fixtures  perhaps  50  to  60  feet  high  of  bronze,  costing  about 
$800  apiece.  In  Amsterdam,  which  is  by  no  means  a  very  large 
city  nor  an  extremely  wealthy  city,  the  standard  street  fixture 
is  a  beautiful  shepherd's  crook  affair  of  steel  tube  bent  into  form 
and  costing  about  $100.  apiece.  With  that  amount  of  funds 
put  into  permanent  and  beautiful  fixtures  there  is  no  wonder 
at  all  that  the  general  effect  of  the  lamp  post  is  much  better  than 
seen  in  America. 

It  is  a  curious  thing  that,  strong  as  the  artistic  sense  is  sup- 
posed to  be  in  Paris,  the  fixtures  in  use  in  that  city  are  poor.  On 
the  street  which  on  the  whole  is  the  most  brilliantly  lighted  one 
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in  Paris,  with  flaming  arc  lamps  from  one  end  to  the  other,  the 
poles  are  ugly.  Where  the  artistic  sense  has  come  to  the  rescue, 
good  poles  are  being  used.  I  think  that  the  foreign  fixtures 
on  the  whole  are  not  so  very  much  better  than  those  in  use  in 
America.  The  general  style  of  the  fixtures  is  about  the  same 
as  used  here,  except  that  a  pole  fixture  is  employed.  Where  it  is 
necessary  to  swing  a  lamp  in  the  street  abroad,  it  is  usually  sus- 
pended from  a  wire  stretched  from  house  to  house.  The  city 
has  authority  to  do  this  and  simply  tells  the  resident  that  a  man 
will  fix  the  supports  for  a  lamp  upon  his  residence  or  place  of 
business,  and*  the  owner  has  nothing  to  do  but  greet  the  man 
pleasantly  when  he  comes. 

Mr.  Wrightington's  paper  on  "Street  Lighting  by  Gas"  was 
too  brief.  I  wish  he  had  discussed  more  thoroughly  the  gas 
used  in  Europe.  The  ordinary  street  lighting  with  the  Welsbach 
lamp  is  about  the  same  as  used  here  except  that  the  inverted 
burner  is  employed  much  more  freely ;  it  is  not  by  any  means 
used  universally,  but  in  some  cities  many  are  seen.  The  high 
pressure  lamp  is  certainly  very  interesting,  and  I  wish  Mr. 
Wrightington  had  described  it  at  some  length.  The  scheme  is 
to  augment  the  combustion  inside  the  large  mantle  and  by  forcing 
the  combustion  to  raise  the  temperature  very  high  and  get  an 
efficient  lamp  of  great  candle-power.  The  mantle  used  is  per- 
haps from  4  to  6  inches  long  and  2  to  3  inches  in  diameter, 
sometimes  inverted  and  sometimes  erect,  and  the  gas  is  fur- 
nished to  the  lamp  under  pressure  maintained  in  the  old  types  at 
from  15  to  20  inches  of  water  and  up  to  50  or  60  inches  in  the 
new  types.  The  high  pressure  does  not  reach  the  mantle.  It 
is  mostly  effective  in  furnishing  to  the  mantle  a  great  quantity 
of  air  and  gas,  with  the  result  of  producing  a  flame  of  very  high 
temperature  which  is  sufficient  to  bring  the  mantle  to  a 
high  degree  of  incandescence  and  to  give  a  trenlendously  pow- 
erful light.  The  lamps  afford  from  500  to  1000  candle-power 
and  sometimes  higher. 

In  some  types:  of  gas  lamp  which  have  been  tried  the  air  is 
furnished  at  a  pressure  with  the  idea  of  getting  sufficient  quantity 
to  take  care  of  an  unusually  large  quantity  of  gas.  The  most 
successful  system  seems  to  be  the  ordinary  one  of  supplying  the 
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gas  through  special  mains  under  pressure.  In  the  Berlin  system, 
which  I  examined  very  carefully,  the  pressure  is  12  centimetens 
of  mercury,  about  60  inches  of  water.  Some  2000  lamps  re- 
ceive gas  from  two  pressure  stations  worked  by  gas  engines, 
the  lighting  ignition  being  automatic.  There  are  values  which 
automatically  let  on  the  gas  to  the  pilot  flame  when  the  pressuro 
strikes  the  burner,  as  the  compressors  start  up  the  lamps  increase 
in  brilliancy.  The  gas  used  per  lamp  was  from  25  to  35  cubic  feet 
per  hour.  The  maintenance  cost  of  the  mantles  is  believed  to  be 
rather  high.  The  cost  per  burner  is  comparable  with  that  of 
an  arc  lamp. 

The  most  interesting  innovation  in  the  matter  of  material  is  the 
artificial  silk  mantle  which  is  packed  for  shipment  in  a  small  flat 
pill-box  and  can  be  handled  with  absolute  impunity  before  it  is 
fired.  When  put  on  the  burner,  and  the  gas  turned  on  and  ig- 
nited, the  loose  bag-like  mantle  shrinks  into  definite  position. 
It  is  then  a  mantle  of  the  ordinary  type,  working  excellently  well. 

Dr.  A.  B.  Kennelly: — As  I  understand  it,  a  special  gas  main 
is  necesssary  for  the  lamps  on  the  high  pressure  system,  in  order 
to  maintain  a  special  pressure,  so  I  suppose  the  cost  of  a  special 
set  of  gas  mains  must  be  included  in  estimating  the  cost  of  that 
system.  When  Dr.  Bell  says  that  the  cost  is  about  the  same  as 
that  of  an  arc  lamp,  does  he  include  the  cost  of  mains  or  merely 
the  gas  and  fixture? 

Dr.  Louis  Bell : — The  mains  used  are  of  various  types.  Those 
for  the  high  pressure  such  as  I  saw  in  Berlin  were  of  Mannes- 
mann  steel  tube  put  together  with  lead  gaskets.  Of  course  such 
a  tube  was  not  rendered  necessary  for  strength,  but  it  was  not 
likely  to  leak  and  it  is  apparently  cheap.  The  cost  I  have  men- 
tioned is  supposed  to  include  the  cost  of  maintenance,  which  is 
a  dubious  item.  I  do  not  know  whether  it  is  the  full  cost  but  the 
cost  in  Berlin  was  said  to  be  about  $250.  per  two-mantle  post, 
each  mantle  affording  about  a  thousand  candle-power.  The  light- 
ing costs  where  the  lamps  are  furnished  by  private  contract  are 
not  quite  so  great,  but  are  in  the  same  general  order  of  magnitude 
and  I  presume  are  intended  to  cover  maintenance.  Of  course  the 
exact  figures  are  hard  to  ascertain,  but  the  cost  is  about  as  much 
as  that  of  the  arc  lamps  in  the  same  cities. 


734      TRANSACTIONS  OF  II,I,UMINATING  E:NGINE:e:RING  SOCIETY 
STRUCTURAIv  DIP'FICUI.TIE:S  IN  INSTAI.I,ATI0N  WORK. 

Dr.  Louis  Bell: — I  should  like  to  mention  one  snag  that  the 
illuminating  engineer  strikes.  I  have  found  a  great  many  cases 
of  rather  large  rooms  in  which  only  wall  brackets  were  supplied 
for  the  illumination.  When  a  room  is  finished  in  very  light  color 
it  can  be  lighted  fairly  well  with  wall  brackets,  but  if  the'finish 
is  dark  and  the  room  fairly  large,  it  is  almost  impossible  to  get 
good  light  with  wall  brackets.  If  for  any  reason  side  brackets 
have  to  be  used  in  such  a  way,  the  electrical  part  should  not  be 
put  at  an  angle,  because  with  a  lamp  pointing  out  at  an  angle  of 
45  degrees,  there  is  no  shade  known  that  will  give  a  proper  light 
distribution.  If  one  must  use  brackets,  they  should  be  put  fairly 
high,  the  lamps  pointing  down  or  straight  up.  For  either  case  there 
are  good  distributing  shades  available  to  throw  the  light  out  into 
the  room.  If  possible,  however,  an  outlet  should  be  put  on  the 
ceiling  from  which  place  the  light  can  be  distributed  fairly  well. 

Mr.  J.  S.  Codman : — I  endorse  very  strongly  Dr.  Bell's  remarks 
in  regard  to  the  angle  bracket.  Most  certainly  there  in  no  shade 
made  which  will  give  a  proper  distribution  under  the  conditions 
mentioned. 

Dr.  A.  B.  Kennelly: — Not  only  are  there  no  shades  which  will 
give  proper  distribution  but  there  is  no  shade  which  will  prevent 
the  rays  from  shining  directly  into  ones  face  within  a  considerable 
angular  range  in  front  of  the  lamp. 

Mr.  J.  S.  Codman : — Of  course  one  can  enclose  the  lamp  entire- 
ly in  a  globe  in  which  case  the  glare  is  gotten  rid  of,  but  good 
distribution  can  not  thus  be  obtained. 

ENGINEERING    PROBLEMS    IN    ILLUMINATION. 

Dr.  A.  B.  Kennelly. — I  should  Hke  to  ask  a  question.  Is  it 
settled  that  absolutely  uniform  illumination  is  the  great  desider- 
atum? I  concede  that  if  a  certain  amount  of  illumination  is 
necessary  then  anything  above  is  excessive,  and  anything  below 
is  not  enough.  The  question  is  whether  a  slight  departure  from 
uniform  illumination  in  the  direction  of  excess  is  not  at  least  pleas- 
ing and  whether  there  is  not  a  danger  in  uniform  illumination, 
whereby  the  absence  of  contrast  and  absence  of  shadow  may 
make  a  distressing  aesthetic  effect. 
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Mr.  R.  C,  Ware : — The  question  raised  by  Dr.  Kennelly  empha- 
sizes the  fact  that  every  case  must  be  considered  purely  on  its 
merits.  For  an  ordinary  work-room,  draughting-room  or  library 
the  illumination  in  general  should  be  such  that  one  can  read 
fairly  comfortably  anywhere,  but  there  must  be  particularly  bright 
illumination  where  the  work  has  to  be  done.  The  combination 
of  general  and  local  lighting  would  have  to  be  varied  to  suit  par- 
ticular instances,  but  absolutely  uniform  illumination,  as  Dr.  Ken- 
nelly says,  would  be  very  distressing. 

Dr.  Louis  Bell : — I  might  contribute  to  this  discussion  one  fact, 
and  that  is  that  the  design  or  reflectors  by  graphical  methods  is 
a  perfectly  easy  thing  to  do  and  it  does  lead  to  good  results.  I 
have  had  to  do  it  several  times  recently,  conspicuously  in  the  shield 
on  the  door  over  this  building  where  there  was  a  very  narrow 
recess  in  which  it  was  possible  to  get  only  eight  tubular  lamps 
in  the  extreme  lower  part  of  the  shield.  In  that  case  I  laid  out 
the  reflector  quite  easily  on  a  drafting  board. 

SOME  EXPERIMENTS  ON   REFLECTIONS  FROM   CEIUNGS,  WALLS  AND 

FLOORS. 

Dr.  A.  B.  Kennelly: — I  wish  to  add  my  endorsement  to  the 
great  value  of  this  paper  and  of  the  one  preceding  it.  The 
capability  of  light  ceilings  and  light  walls  to  add  to  the  illumina- 
tion is  brought  out  very  clearly  indeed.  If  these  facts  were  only 
more  generally  appreciated  I  think  they  would  lead  to  a  consider- 
able saving  in  money  value  to  the  nation  at  large.  The  paper 
shows  the  enormous  amount  of  waste  that  can  and  frequently 
does  go  on  by  reason  of  ignoring  the  colors  of  walls  and  ceilings. 
The  color  of  the  floors  fortunately  does  not  matter  so  much.  The 
increase  is  due  not  only  the  bright  ceiling  but  the  co-operation  of 
bright  ceilings  and  walls  as  shown  in  the  paper.  When  there 
are  light  walls  and  white  ceiling  one  obtains  more  than  the  sum 
of  the  constituents,  so  that  two  and  two  do  not  make  four  but, 
as  it  were,  half  a  dozen. 

Each  of  these  papers  shows  the  application  of  the  flux  method 

to  the  requirements  of  illuminating  engineering,  and  this  paper 

is,  in  fact,  an  illustration  of  a  method  laid  down  in  the  preceding 

paper.     It  is  remarkable  how  in  the  applied  sciences,  certainly 
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in  electricity,  magnetism  and  illumination,  we  stumble  upon  the 
fact  that  we  ought  to  base  our  units  upon  flux,  but  we  start  off 
with  a  point  and  have  to  enlarge  our  ideas  from  a  point,  which 
has  no  dimensions,  to  flux,  which  involves  at  least  two  dimen- 
sions. 

Dr.  Louis  Bell: — I  wish  it  were  more  generally  remembered 
that  lighting  expenditures  in  a  building  are  continuing  charges. 
If  one  were  to  figure  these  fixed  charges,  the  amount  of  actual 
expense  caused  by  simply  putting  dark  paint  on  the  wall,  etc., 
the  net  result  would  be  rather  startling.  This  refers  not  only  to 
the  color  of  the  walls  but  also  to  the  distribution  of  the  light. 
The  architect  who  arranges  the  lanxps  badly  entails  a  continuing 
cost  forever  upon  his  client,  and  yet  seems  to  think  sometimes  that 
it  is  of  no  particular  consequence.  The  proper  arrangement  of 
lamps  is  a  very  definite  and  very  great  economy  which  is  forgotten 
more  than  half  the  time. 

Mr.  R.  C.  Ware : — There  is  one  danger  into  which  a  too  liberal 
interpretation  of  the  data  given  in  this  paper  may  lead  one.  In 
an  ordinary  living  room  where  there  will  not  be  a  particularly 
close  application  to  any  one  desk,  the  eye  requires  some  place 
where  it  can  be  rested,  and  for  such  purpose  a  dark  wainscot- 
ing or  dark  lower  part  of  the  walls  would  seem  desirable.  On 
the  other  hand  there  is  no  reason  at  all  why  so  many  buildings 
should  be  equipped  with  a  heavy  dado  such  as  we  see  nowadays. 
From  the  upper  part  of  the  ceiling  the  reflection  should  most 
suitably  come,  but  a  large  part  is  cut  out  by  the  dado.  I  think 
the  dark  walled  room  has  a  distinct  place  in  our  life  but  I  think 
its  application  needs  careful  regulation. 
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A  meeting  of  the  Council  was  held  on  December  11,  President 
Bell,  Dr.  A.  H.  Elliott,  Dr.  C.  H.  Sharp  and  Messrs.  W.  H. 
Gartley,  L.  B.  Marks,  H.  K.  Mohr  and  Bassett  Jones,  Jr.,  being 
in  attendance. 

The  monthly  report  on  the  Society's  finances,  as  presented 
by  the  Chairman  of  the  Finance  Committee,  showed  a  balance  to 
date  of  $3041.86,  with  outstanding  bills  amounting  to  $835.17. 
The  report  stated  also  that  the  expenses  of  the  Philadelphia  Con- 
vention, which  were  paid  out  of  the  general  fund  of  the  Society, 
amounted  to  %66^.yy.  The  report  was  favorably  received  and 
the  bills  unpaid  were  approved  by  the  Council  for  payment. 

It  was  moved  and  carried  that  the  Finance  Committee  be 
authorized  to  employ  a  public  accountant  to  audit  the  books  and 
accounts  of  the  Society  at  the  end  of  the  fiscal  year  1908. 

A  letter  from  the  Vice-President  of  the  Society  in  Chicago 
was  read,  asking  what  plans  were  proposed  for  the  next  sec- 
tional elections,  in  the  event  of  the  adoption  of  the  amendment 
to  the  Constitution  now  being  voted  upon.  This  question  was 
discussed,  and  the  President  was  instructed  to  reply  to  the 
effect  that  the  Council  has  no  authority  to  direct  the  Sections 
in  this  matter,  but  would  point  out  that  the  simplest  course  would 
be  to  omit  holding  the  January  elections  and  to  allow  the  present 
officers  to  serve  until  the  time  at  which  the  next  election  must 
be  held  under  the  new  amendment  to  the  Constitution. 

In  accordance  with  Article  VI,  Section  4,  of  the  Constitution 
President  Bell  appointed  the  Committee  of  Tellers  for  the  1909 
election  of  officers  to  be  constituted  as  follows: 
W.    CuLivKN   Morris,    New   York 
Rai,ph  W.  Pope,  New  York 
A.  A.  Pope,  New  York 
G.  T.  My\cBETH,  Mount  Vernon,  N.  Y. 
J.  T.  Maxwei.Iv,  Philadelphia. 
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President  Bell  appointed  IMessrs.  V.  R.  Lansingh,  Preston  S. 
Millar,  and  Dr.  A.  H.  Elliott,  to  serve  as  a  Committee  on 
Arrangements  for  the  Annual  Meeting  of  the  Society  on  January 
8th. 

The  names  of  fifteen  applicants  were  presented,  with  the  en- 
dorsement of  the  respective  Boards  of  Examiners.  The  Coun- 
cil requested  the  Secretary  to  secure  further  information  relative 
to  one  of  these  applicants,  and  voted  to  elect  the  remaining 
fourteen. 

Members  Elected  December  ii,  1908. 

Ai^iyKN.  Thuri^ian  D.,  Proprietor,  Allen  Electric  Co.,  Danville,  111. 

Barker,  Chari^es  A.,  Lamp  Agent,  Westinghouse  Elec.  &  Mfg.  Co., 
Atlanta,  Ga. 

Beaumont,  Walter  W.,  Asst.  Supt.,  Street  Lighting  Dept.,  Equitable 
Illuminating  Gas  Light  Co.,  Philadelphia,  Pa. 

CiyARE,  Chari^es  H.,  Electrical  Engineer,  239  Railway  Exchange  Bldg. , 
Chicago,  111. 

CivARK,  John  C.  D.,  Commercial  Agent,  People's  Gas  Light  &  Coke 
Co.,  155  Michigan  Ave.,  Chicago,  111. 

CoLEY,  CivARENCE  S.,  Supervising  Engineer,  Douglas  Robinson,  Charles 
S.  Brown  &  Co.,  146  Broadway,  New  York. 

Gross,  Harry,  Chief  Inspector,  Street  Lighting  Dept.,  United  Gas 
Improvement  Co.,  Philadelphia,  Pa, 

Irenaeus,  Brother,  C.  S,  C,  Asso.  with  Electrical  Dept.,  University 
of  Notre  Dame,  Notre  Dame,  Ind. 

KeIvI^y,  Henry  H.,  Supt.,  Gas  Dept.,  Waltham  Gas  Light  Co.,  Waltham, 
Mass. 

Knight,  Arthur  S. ,  Engineer,  Westinghouse  Lamp  Co.,  324  Broad  St., 
Newark,  N.  J. 

LivoR,  Henry  M.,  Manager,  Fixture  Dept.,  Central  Electric  Co., 
Chicago,  111. 

Sargent,  Fred  H.,  Assistant  Agent,  Lawrence  Gas  Co.,  Lawrence,  Mass. 

Stevens,  Chari^es  H.,  Asso.  with  New  Business  Dept.,  Lynn,  Gas  & 
Electric  Co.,  Lynn,  Mass. 

Whitney,  Roy  F.,  Cashier,  Maiden  &  Melrose  Gas  Light  Co.,  xMalden, 
Mass. 

The  Secretary  reported  that  five  members  elected  on  Septem- 
ber 24th,  this  year,  had  failed  to  remit  for  membership  dues. 

In  accordance  with  the  provision  in  the  By-Laws,  the  Council 
cancelled   the    election    of   these    members. 

The  General  Board  of  Examiners  reported  that  applications  for 
membership  were  frequently  received  which  failed  to  give  com- 
plete information  regarding  the  applicant's  occupation  and  com- 
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pany  association.  It  was  suggested  that  when  new  appHcation 
blanks  are  printed,  a  space  be  provided  for  the  additional  infor- 
mation required. 

NE:W    E:NGIyAND    SE:CTI0N. 

A  meeting  of  the  New  England  Section  was  held  on  Decem- 
ber 3,  at  which  time  Mr.  Herbert  W.  Moser  presented  a  paper 
entitled  ''The  Commercial  Illuminating  Engineering  Division 
of  the  Boston  Edison  Company."  There  were  31  members 
present. 

NEW    YORK    SECTION. 

Dr.  C.  P.  Steinmetz  delivered  a  lecture  on  "Illumination  and 
Illuminating  Engineer,"  at  the  meeting  of  the  New  York  Sec- 
tion, held  on  December  10.  The  lecture  dealt  with  physics  and 
physiology   as   related  to   illuminating   engineering. 

CHICAGO   SECTION. 

On  the  occasion  of  its  regular  monthly  meeting,  December 
10,  the  Chicago  Section  was  the  guest  of  the  National  Com- 
mercial Gas  Association  at  the  First  Regiment  Armory  where 
a  gas  appliance  exhibition  was  being  held.  An  address  was 
made  by  Mr.  Cressy  Morrison  on  ''Advance  in  the  Gas  Lighting 
Industry."  It  is  expected  that  this  meeting  will  result  in  an  in- 
creased interest  on  the  part  of  the  gas  men  in  the  afifairs  of  the 
Society. 

PHIEADEEPHIA  SECTION. 

At  the  meeting  of  the  Philadelphia  Section  held  on  December 
18,  the  subject  of  "Indirect  Illumination"  was  discussed,  dem- 
onstration being  made  of  the  indirect  system  of  lighting.  Com- 
mercial applications  of  the  illuminometer  were  demonstrated 
by  Messrs.  Bond  and  Bartlett. 


INDIRECT  ILLUMINATIONS 


BY  AUGUSTUS  D.   CURTIS  AND  A.  J.   MORGAN. 


The  term  indirect  illumination  is  usually  employed  to  designate 
that  form  of  artificial  lighting  which  depends  upon  reflections  from 
ceiling,  walls  or  other  surfaces,  the  source  of  light  being  con- 
cealed. It  has  been  recognized  that  indirect  illumination  is  ex- 
cellent from  the  standpoint  of  eye-comfort,  but  the  system  has 
been  considered  too  expensive  and  inefficient  in  operation  to  be 
feasible  for  common  use.     The  present  paper  contains  a  discus- 


Figs.  I  and  2. — Reflector  and  one-unit  adaptable. 

sion  of  a  system  of  indirect  lighting  which  is  believed  to  be  both 
practical  and  economical. 

The  prime  requisites  for  an  indirect-lighting  system  are  low- 
priced  high-efficiency  lamps,  and  reflecting  surfaces  having  low 
absorption.  When  gas  is  used  a  satisfactory  lamp  is  the  high- 
grade  incandescent-mantle  burner.  When  electricity  is  employed 
the  tungsten  lamp  proves  excellent  for  the   source  of  light. 

The  character  of  the  reflector  employed  has  a  vital  influence 
on  the  results.  The  necessity  for  efficiency  and  durability  is  evi- 
dent.    It  is  equally  important  for  the  reflector  material  to  be 

'  A  paper  read  before  the  Chicago  Section  of  the  Illuminating  Engineer- 
ing Society  on  October  15,  1908. 
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capable  of  being  moulded  so  that  the  output  may  be  uniform  and 
correct  in  design.  The  reflector  should  be  so  arranged  as  to 
permit  of  easy  and  thorough  cleaning,  and  the  shape  should  be 
such  as  to  produce  the  desired  illuminating  effects  in  the  room. 
The  reflector  selected  is  of  an  inverted  bell  shape,  containing 
circular  and  vertical  corrugations  which  throws  the  rays  of  light 
to  the  ceiling  without  shadows.  The  reflector  consists  of  a 
single   piece   of  blown  glass   coated  on  the  outside  with  pure 


z:^ 


Fig.  3  and  4. — One  unit  chain,  and  two-unit  electric  fixture  with  gas  outlets. 

silver,  the  reflecting  surface  being  of  high  efiiciency.  This  same 
general   type   of   reflector   has  been   in   use    for   several  years. 

The  bell-shaped  reflector  is  fitted  into  a  spun-brass  casing. 
On  gas  fixtures  the  casing  rests  on  the  base  of  the  mantle  burner 
like  a  globe.  On  electric  fixtures  the  casing  can  either  be  sus- 
pended by  chains  or  supported  from  below. 

The  arrangement  described  above  can  easily  be  adapted  to 
old  chandeliers.  Unless  the  chandelier  arms  are  very  heavy, 
it  can  be  applied  to  any  electric  chandelier  where  the  sockets 
are  pendent,  because  the  arms  do  not  cast  annoying  shadows  on 
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the  ceiling;  the  hght  comes  from  many  directions  when  passing 
the  arms,  due  to  the  corrugations. 

The  hghting  unit  should  be  at,  or  near,  the  center  of  the  room^ 
though  side  lamps  have  been  used  with  satisfactory  results.  It 
is  not  essential  for  the  walls  to  be  light  colored,  as  most  of  the 
light  is  directed  to  the  ceiling. 

While  it  is  true  that  there  is  a  loss  of  light  in  indirect  as  corn- 


Figs.  5  and  6.— Combination  gas  and  electric  fixture  lamp  pendent  and  two  unit 

chain  electric  tip  upright. 

pared  with  direct  illumination,  another  factor  enters  to  overbal- 
ance the  loss.  The  more  easily  details  can  be  seen  the  more 
effective  is  the  illumination.  When  there  is  a  bright  naked 
lamp  in  front  of  the  eye,  the  pupil  contracts  and  therefore  the 
eye  takes  in  less  of  the  light  and  the  things  that  are  illuminated 
are  not  seen  as  clearly  as  they  are  with  less  light  and  a  wide- 
open  pupil.  Hence  the  fact  that  there  may  be  le'^s  light  with 
indirect  illumination  does  not  necessarily  mean  that  one  sees 
less  clearly;  on  the  contrary,  he  really  sees  better. 
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Of  course,  the  system  of  illumination  described  herein,  is  not 
entirely  practical  with  beamed  ceilings  or  those  of  dark  tint, 
but  in  the  majority  of  instances  the  ceilings  are  light  and  the 
conditions  are  favorable.  There  are  at  present  about  fifteen  ex- 
perimental installations  of  the  system  in  use  among  professional 
and  business  men  in  their  residences  and  offices  in  this  city. 
Without  exception  the  users  are  enthusiastic  in  its  praise,  and 
are  impressed  with  the  eye-comfort  derived  by  its  use. 


Fig.  7. — Illumination  of  a  12  x  14  room  with  a  60-watt  tungsten  unit. 

The  lighting  units  can  be  arranged  in  a  variety  of  ways.  The 
fixtures  can  be  installed  in  single  units,  or  multiples  thereof, 
either  electric,  gas  or  combinations  of  both  and  it  is  practical 
to  illuminate  in  this  way,  not  only  residences,  but  halls  and 
auditoriums. 

A  unit  of  one  reflector  and  one  lOO-watt  tungsten  lamp  (abou^ 
one-half  watt  per  square  foot)  or  a  good  gas  mantle  burner 
(consuming  about  4>^  cubic  feet  per  hour)  gives  adequate  illumi- 
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nation  in  a  room  up  to  15  feet  square.  The  low  consumption 
makes  the  cost  very  reasonable. 

It  is  a  peculiar  fact  that  the  impression  formed  by  almost  any- 
one coming  unexpected  for  the  first  time  into  a  room  illuminated 
by  the  indirect  method  of  lighting  is  rather  likely  to  be  adverse 
if  any  thought  is  given  to  the  lighting  at  the  time  of  entering  the 
room.  A  great  many — in  fact  a  majority — do  not  at  first  note 
anything  out  of  the  way  or  unusual  in  the  lighting  of  the  room, 
and  sometimes  an  hour  may  elapse  before  the  subject  is  men- 
tioned. Many  feel  lost  without  a  source  of  light  in  full  view,  and 
the  almost  universal  first  opinion,  when  thought  is  given  to  the 
lighting,  is  that  the  lighting  is  insut^icient.  This  opinion  is  al- 
most always  changed  within  a  very  few  moments,  and  an  ex- 
perience of  an  hour  or  at  most  two  hours  means  a  convert  to 
the  indirect  system  of  lighting. 

The  authors  are  indebted  for  valuable  suggestions  to  members 
of  the  Illuminating  Engineering  Society  and  also  to  members  of 
the  Chicago  Opthamological  Society  who  have  attended  meetings 
of  the  former  Society  and  who  were  emphatic  in  the  assertion 
that  many  eye  troubles  are  caused  by  the  present  method  of  ar- 
tificial illumination  in  which  the  delicate  mechanisms  and  nerves 
of  the  eye  are  subjected  to  the  direct  rays  of  the  intensely  bril- 
liant modern  lighting  units.  Mr.  J.  R.  Cravath  acted  as  con- 
sulting illuminating  engineer  in  connection  with  the  design  of  the 
reflector  and  the  technical  points  involved. 

DISCUSSIOX   BY   THE   CHICAGO   SECTION. 

Mr.  J.  R.  Cravath: — Heretofore,  indirect  lighting  systems 
have  usually  been  failures  in  the  long  run  for  a  number  of 
reasons,  the  principle  ones  being  dirt  and  inefficiency  of  reflection. 
Some  of  these  reasons  were  not  understood  until  illuminating 
problems  were  studied  in  a  scientific  way.  The  indirect  light- 
ing system  described  in  the  paper  owes  its  efficiency,  aside  from 
any  question  of  lamp  and  reflector  ef^ciency,  to  the  fact  that  the 
greater  portion  of  the  light  is  directed  towards  the  central  part 
of  the  ceiling  so  that  it  has  to  undergo  only  one  reflection  be- 
fore it  reaches  the  useful  or  working  plane.  This  is  not  the 
case  in  a  number  of  previous  attempts  at  indirect  illumination, 
particularly  in  cove  lighting,  which  appears  to  have  been  unsatisfac- 


DISCUSSION    BY    CHICAGO   SECTION  745 

tory  except  for  occasional  show  purposes.  With  that  system  of  il- 
lumination the  light  strikes  the  ceiling  at  a  very  obUque  angle 
and  is  reflected  back  and  forth  between  the  side  walls  many 
times  before  it  finally  reaches  the  working  plane  so  that  there 
has  been  a  large  loss  by  absorption.  In  a  few  of  the  more 
recently  designed  cove  lighting  systems  this  has  been  avoided 
by  building  the  reflecting  surface  on  the  ceiling  of  such  shape 
that  the  light  from  the  cove  is  reflected  mainly  downward 
rather  than  sideways.  If  dependence  were  placed  on  the  light 
reflected  from  the  lower  portion  of  the  walls  to  a  great  extent 
the  indirect  system  of  illumination  shown  would  be  of  very 
limited  application,  especially  in  a  city  where  people  are  apt  to 
select  dark  tints.  However,  in  the  majority  of  cases  the  ceil- 
ings and  walls  are  light,  as  Messrs.  Morgan  and  Curtis  have 
explained,  so  that  indirect  systems  of  illumination  of  the  kind 
can  be  u^ed  very  satisfactorily.  In  working  out  a  design  of  reflector 
for  this  purpose  it  was  considered  necessary  to  reflect  most 
of  the  light  to  the  ceiling  in  the  center  of  the  room  and  still 
get  enough  in  the  corners  of  the  average  room  so  that  they 
would  not  appear  dark.  Of  course  in  small  rooms  the  light 
might  well  be  more  concentrated  near  the  center  of  the  ceil- 
ing but  it  was  necessary  to  consider  illuminating  both  large  and 
small  rooms  satisfactorily  with  the  same  kind  of  a  reflector. 
The  reflector  is,  therefore,  a  compromise  between  the  reflectors 
for  large  and  for  small  rooms. 

I  think  there  is  no  doubt  that  indirect  illumination  with  side 
walls  not  too  highly  illuminated  is  more  comfortable  in  every 
way  than  direct  illumination.  One  of  the  things  noticeable 
about  this  system  is  the  absence  of  the  glare  from  highly  sized 
paper.  Nearly  all  papers  and -books  are  so  glazed  that  they  are 
good  reflectors,  but  with  the  indirect  system  the  light  comes  from 
a  large  area  overhead  so  that  reflection  does  not  bother  one. 

Another  interesting  point  about  indirect  illumination  is  the 
possibility  of  reducing  the  number  of  outlets  in  a  room,  and 
thereby  reducing  the  cost  of  wiring.  With  direct  illumination, 
especially  in  a  bed  room,  there  should  be  one  central  lamp  for 
general  illumination,  one  on  each  side  of  the  dresser  for  use 
there,  and  one  near  the  bed  for  reading.     The  expense  of  wir- 
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ing  is  SO  high  that  the  majority  of  people  get  along  with  one 
central  outlet  and  very  indifferent  illumination.  With  ir direct 
illumination  the  whole  room  is  well  lighted,  possibly  at  a  little 
more  expense  for  energy,  but  most  people  would  be  willing 
to  spend  more  for  energy  in  order  to  save  in  the  first  cost  of 
wiring.  However,  a  bed  room  must  have  very  light  walls  to  be 
satisfactorily  illuminated   with   indirect   lighting   in   the   middle. 

Mr.  V.  R.  Lansingh: — The  effect  which  these  gentlemen 
have  so  well  accomplished  is,  of  course,  not  new,  but  it  has 
never  previously  been  put  in  practice  so  successfully.  In  the 
case  of  some  of  the  New  York  City  Hospitals  use  is  made  of 
the  indirect  lighting  system  by  means  of  central  chandeliers  for 
the  wards.  At  first  use  was  made  of  a  large  brass  shade, 
somewhat  similar  to  these,  the  lamp  being  placed  inside  in  any 
position ;  the  inside  was  of  polished  metal  with  no  protection 
whatever  to  prevent  the  dust  from  falling  inside.  In  some  of 
the  more  recent  cases  reflectors  have  been  placed  inside  of  the 
bowl  and  a  thin  glass  plate  is  used  to  protect  the  fixture  from 
dust.  The  illumination  obtained  was  very  pleasant  and  effect- 
ive. 

One  of  the  most  notable  examples  of  indirect  illumination  has 
been  in  the  Harlem  Office  of  the  New  York  Edison  Company. 
In  a  room  about  100  ft.  long  with  a  very  high  ceiling,  the  walls 
and  ceiling  being  in  light  colors,  the  illumination  was  very  high 
in  foot-candles  but  the  effect  was  too  trying  on  the  eye.  It 
seemed  from  the  experience  with  light  walls  and  ceiling  that 
there  was  no  place  where  the  eye  could  rest.  The  installation 
was  changed  somewhat  by  combining  direct  and  indirect  illumi- 
nation, and  the  effect  was  very  beautiful  as  well  as  restful  to 
the  eye.  I  believe  that  trouble  would  not  have  occurred  with 
dark  walls.  With  indirect  illumination  one  must  darken  the 
walls  and  sacrifice  some  of  the  efficiency. 

From  looking  around  the  bed  rooms  here,  and  other  exper- 
iences I  have  had,  I  believe  that  satisfactory  illumination  can 
not  be  obtained  on  the  dresser  without  having  one  small  lamp 
on  either  side  of  the  dresser.  I  believe  that  the  individual  lamps 
combined  with  the  indirect  lighting  equipment  can  not  be  ex- 
celled. 
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Prof.  Morgan  Brooks : — I  might  suggest  that  a  light  border 
near  the  top  of  the  wall,  with  the  balance  of  the  wall  dark 
w^ould  allow  the  eye  to  rest  properly.  The  system  of  indirect 
illumination  described  seems  very  beautiful,  and  the  success 
already  attained  in  the  design  of  the  fixtures  seems  very  com- 
mendable, although  some  arrangement  should  be  made  to  un- 
hang the  bowl  in  order  to   clean   it  properly. 

Mr.  Albert  Scheihle: — Are  the  corrugations  put  in  the  re- 
flector merely  for  mechanical  reasons  or  have  they  some  value  in 
increasing  the  distributing  efficiency? 

Mr.  Cravath : — They  are  used  to  avoid  streaks  on  the  ceiling 
The  question  has  been  brought  up  of  light  walls  and  ceilings 
having  the  effect  of  tiring  the  eye.  In  a  system  of  illumination 
where  a  large  flux  of  light  is  being  directed  towards  the  walls, 
and  where  the  walls  are  very  light,  is  indeed  very  trying  to 
the  eye.  Where  most  of  the  light  is  directed  to  the  ceiling, 
and  where  the  walls  are  not  lighter  in  color  than  they  are  ordi- 
narily, I  think  the  illumination  is  not  trying  to  the  eye. 

Mr.  G.  H.  Jones: — I  think  the  fixtures  described  should 
prove  very  satisfactory  if  used  properly.  In  designing  a  sys- 
tem of  this  kind  I  believe  it  would  be  necessary  to  place  a  number 
of  outlets  in  the  side  walls,  as  small  portable  lamps  are  very 
home-Hke.  One  central  fixture  for  the  general  illumination, 
with  outlets  for  decorative  lighting  or  reading  lamps  would 
seem  to  me  the  more  desirable  arrangement. 

Mr.  Cravath: — I  think  it  is  not  desirable  to  eliminate  the 
shadows  entirely.  I  believe  one  of  the  things  that  has  been 
urged  against  indirect  lighting  as  it  has  frequently  been  carried 
out  is  that  the  shadows  are  so  nearly  eliminated  that  things  do 
not  look  natural.  Shadows  are  given  by  daylight,  and  I  think 
there  should  be  a  few  with  artificial  lighting. 

Mr.  Wiley : — Would  not  gas  and  other  things  have  a  tendency 
to  tarnish  the  reflector  as  well  as  the  shade? 

Mr.  Curtis: — We  purposely  refrained  from  going  into  the 
commercial  end  of  the  proposition  in  our  paper.  The  mirror 
plating  is  of  pure  silver,  the  application  of  which  is  a  trade 
secret.  Before  I  became  interested  in  the  company  making 
these  reflectors  I  investigated  that  point  very  thoroughly,  and 
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found  that  a  man  had  spent  six  years  in  perfecting  the  process 
and  the  appHcation  of  an  elastic  substance  that  would  expand 
and  contract  with  the  glass  when  heated  and  cooled  without 
breaking  the  glass  or  tarnishing.  The  surface  of  the  reflector 
is  very  smooth,  being  almost  like  polished  plate  glass.  The 
hole  at  the  bottom  of  the  reflector  was  left  purposely  to  take 
care  of  the  larger  particles  of  dirt  and  allow  them  to  settle  into 
the  brass  bowl  underneath,  and  also  for  the  purpose  of  ventila- 
tion. Most  of  the  lamps  that  are  illustrated  are  suspended  with 
the  point  of  the  tungsten  lamp  downward.  The  lamp  manu- 
facturers, as  I  understand  it,  expect  to  perfect  the  lamp  so  that 
it  can  be  used  with  the  point  upwards.  When  the  lamps  can 
be  used  successfully  with  the  tip  upwards  the  fixture  becomes 
simplified. 

Mr.  Geo.  Loring : — There  is  no  reason  why  a  40-watt  tungsten 
lamp  cannot  be  used  as  successfully  with  the  tip  up  as  in 
any  other  position.  I  believe  that  this  remark  will  not  apply  to 
the  25-watt  lamp  at  the  present  time.  However,  I  believe,  that 
a  unit  smaller  than  the  40-watt  lamp  will  not  be  used  in  indirect 
illumination.  When  I  received  word  that  this  system  was  to 
be  demonstrated  I  considered  it  of  sufficient  importance  to 
justify  a  trip  here  from  my  home  in  a  small  City  in  Ohio.  I 
can  say  that  from  the  standpoint  of  comfort  and  ease  on  the 
eye  it  is  certainly  a  great  success.  This  is  the  first  time  for 
many  months  that  I  have  been  able  to  sit  in  a  room  artificially 
illuminated  without  having  my  eyes  troubled  unless  I  turned 
my  back  to  the  source  of  light.  A  great  many  people  would 
notice  the  lack  of  glare  from  lighting  units.  They  would  also 
notice  the  apparent  absence  of  the  light  source,  and  to  a  large 
majority  of  the  public  who  are  not  giving  any  attention  to 
illuminating  engineering  this  system  would  not  be  pleasant  at 
first,  but  I  believe  it  is  a  system  that  will  "wear  well." 

Dr.  Henry  Cradle : — The  system  certainly  appeals  to  any  one 
familiar  with  the  eye.  I  believe  that  the  closer  we  imitate  the 
natural  light  and  avoid  the  glare  the  better.  For  instance,  if 
this  large  picture  were  lighted  in  the  day  time  by  direct  light 
from  the  window,  it  would  be  poorly  illuminated.  If  the  glare 
were  obviated  by  curtains  the  picture  would  appear  consider- 
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ably  better.  I  think  this  is  the  point  at  issue.  In  the  system 
described  a  diffused  light  comes  from  the  entire  ceiling,  and 
a  sufficient  amount  of  light  is  thrown  on  a  paper  to  give  a  very 
satisfactory  image.  We  saw  the  contrast  just  now  when  the 
bowl  was  removed  and  the  lamp  exposed.  The  total  illumina- 
tion was  increased  but  as  measured  by  the  ability  of  the  eye 
to  read  with  comfort  the  change  was  very  unpleasant. 

Mr.  Pond : — I  have  been  impressed  very  favorably  with  the 
various  possibilities  which  seem  to  present  themselves  with  this 
system  of  lighting.  We  who  have  sensitive  eyes  have  been 
able  to  sit  here  this  evening  and  read  the  fine  print  at  various 
angles,  and  do  so  with  comfort.  It  is  almost  impossible  to  ob- 
tain such  a  result  with  any  system  of  light  from  a  direct  source. 

Mr.  White: — The  light  here  to-night  seems  very  pleasant  in- 
deed. I  think  there  is  no  question  as  to  the  practicability  of 
this  lighting  system  and  the  advantages  of  it.  It  is  necessary 
merely  to  convince  people  that  these  reflectors  can  be  easily 
handled,  and  easily  cleaned,  and  I  have  no  doubt  about  their 
permanency.  The  cleaning  is  the  more  necessary  feature  to 
consider.  The  smooth  surface  of  these  reflectors  will  collect 
exactly  the  same  amount  of  dirt  that  collects  on  plate  glass  win- 
dows. Since  windows  should  be  washed  once  a  week  in  a  City 
Hke  Chicago,  I  should  imagine  that  these  reflectors  would  re- 
quire the  same  attention. 

DISCUSSION    BY   THK    PHIIvADKLPHIA    SE^CTION. 

Mr.  H.  Calvert: — The  library  room  in  this  building  measures 
26  ft.  X  2^  ft.  X  26  ft.  high,  and  in  it  have  been  installed  four 
one-unit  fixtures  of  the  type  described  in  the  paper.  The  fix- 
tures which  belong  in  the  room  consist  of  four  prismatic  cluster 
arrangements  having  a  total  rated  candle-power  of  960  and 
consuming  2400  watts.  Each  of  the  four  indirect  lighting  fix- 
tures contains  one  100- watt  tungsten  lamp — hence  the  total 
consumption  is  400  watts  and  the  total  rated  candle-power 
320.  The  value  of  watts  per  square  foot  with  the  clusters  is 
3.43,  and  0.57  with  the  indirect  lighting  (equipment.  Photometric 
readings  taken  on  a  table  at  the  center  of  the  room,  on  a  table 
under  the  fixtures  and  on  a  window  sill  at  the  center  of  the 
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side  of  the  room  gave  values  of  3.5,  4.7  and  3.1  (3.8  average) 
ft.-candles  respectively  for  the  cluster  lamps  and  0.69,  0.66,  and 
0.42  (0.61  average)  ft.-candles  for  the  indirect  lighting  equip- 
ment, all  of  the  lamps  being  13  feet  above  the  floor.  When 
the  lamps  in  the  indirect  system  were  placed  24  feet  above 
the  floor  the  readings  were  0.88,  0.73,  and  0.64  (0.71  average) 
ft.-candles,  the  average  illumination  being  increased  o.i  ft.- 
candle  by  the   change. 

Mr.  W.  A.  Bvans: — Some  recent  tests  conducted  by  me  relat- 
ing to  the  eft'ect  of  color  and  diffusion  of  light  upon  the  re- 
quired density  of  illumination  m.ay  be  of  interest.  The  color 
of  light  obtained  from  mercury-vapor  lamps  used  in  combina- 
tion with  tungsten  lamps  was  found  to  be  closely  that  of  diffused 
daylight;  the  color  was  of  the  order  of  a  robin's  tgg  blue, 
whereas  daylight  was  somewhat  bluer.  A  density  of  from 
1.5  to  2.0  ft.-candles  was  suflicient  for  all  accounting  purposes, 
although  with  ordinary  artificial  light  from  4.0  to  5.0  ft.-candles 
would  be  required.  Observation  showed  also  that  when  a  tungsten 
lamp  with  a  frosted  prismatic  reflector  giving  an  illumination  of 
8.0  ft.-candles  was  turned  towards  the  ceiling  the  illumination 
was  decreased  to  2  ft.-candles,  and  even  to  1.5  ft.-candles  when 
the  light  source  was  hidden  from  view,  and  yet  one  could  read 
with  more  comfort  under  the  decreased  illumination  than  for- 
merly. It  would  seem  from  these  tests  that  there  are  three 
factors  which  determine  the  amount  of  light  required  for  reading 
purposes.  The  first  is  the  color ;  the  second  is  the  diffusion 
and  the  third  is  the  hiding  of  the  source  of  light.  By  taking 
advantage  of  all  of  these  factors  one  is  enabled  to  reduce  the 
cost  of  producing  satisfactory  illumination  for  specific  pur- 
poses. 

Mr.  P.  H.  Bartlett: — Each  of  the  fixtures  used  in  the  library 
contains  only  one  lOO-watt  tungsten  lamp,  and  it  is  probable 
that  the  designers  of  the  system  described  in  the  paper  would 
not  be  satisfied  with  the  total  amount  of  candle-power  used  in 
so  large  a  room. 

Mr.  C.  0.  Bond: — The  system  of  indirect 'illumination  from 
the  ceiling  has  been  tried  before,  arc  lamps  being  used,  but 
it  proved  a  total   failure.     Probably  much   of  the   trouble   was 
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due  to  the  unsteadiness  of  the  light  which  the  eye  attempted 
to  follow.  In  the  system  described  in  the  paper  the  light  is 
steady  and  the  eye  experiences  a  feeling  of  restfulness  rather 
than  one  of  discomfort  when  the  light  flickers. 

Mr.  To  erring: — The  remarks  concerning  the  arc  lamps  are 
unfair.  As  a  matter  of  fact  arc  lamps  have  been  installed  on 
two  floors  of  the  Curtis  Publishing  Company's  building  over  the 
desks  that  are  used  by  the  subscription  clerks  and  they  have 
proved  satisfactory  with  reference  to  comfort  of  the  eye.  More- 
over, they  permit  one  to  see  the  bottom  of  a  deep  card  index 
box  and  read  the  names  on  the  cards  without  encountering 
annoying  shadows.  In  indirect  lighting  the  direct-current  arc 
lamp  possesses  an  advantage  over  the  alternating-current  arc 
lamp  in  that  by  placing  the  positive  electrode  at  the  bottom 
85  per  cent,  of  the  light  is  thrown  directly  to  the  ceiling  with- 
out previous  reflection  and  absorption.  Furthermore,  it  is  pos- 
sible to  distinguish  shades  of  colors  by  indirect  arc  lighting 
equally  as  well  as  by  daylight. 

Mr.  Norman  Macbeth: — In  considering  the  system,  described 
in  the  paper  it  seems  to  me  that  the  comparison  should  not  be 
made  with  diffused  arc  lighting  systems,  but  with  the  older 
method  of  indirect  lighting,  namely  cove  lighting.  The  theory 
of  this  method  of  indirect  lighting  may  be  good,  it  may  con- 
form to  all  the  demands  of  the  aesthetic,  but  in  practice  it  has 
rarely  been  satisfactory. 

The  similarity  of  the  systems  described  and  cove  lighting 
seems  to  be  borne  out  even  in  its  inefficiency.  I  am  of  the 
opinion  that  the  calculated  results  given  by  Mr.  Calvert,  es- 
pecially with  the  direct  lighting  system  regularly  used  in  this 
room,  are  not  such  that  any  certain  value  can  be  attached  to 
them.  Taking  three  readings,  one  in  the  center  of  the  room, 
one  under  a  cluster  and  another  on  a  window-sill,  will  not 
give  results  from  which  one  can  state  the  average  ft. -candles 
on  the  plane  in  a  room  having  an  area  of  over  700  sq.  feet.  By 
noting  the  wattage  per  square  foot  0.57  for  the  indirect  and 
3.43  for  Gem  (or  an  equivalent  in  tungsten  of  1.71)  for  the 
direct  lighting,  and  accepting  the  average  foot-candles  given, 
3.8  for  the  direct  and  .71   for  the  indirect,  it  would  seem  that 
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the  efficiency  of  the  indirect  was  about  57  per  cent,  of  that 
of  the  direct  lighting-. 

Reference  can  be  made  to  two  papers  given  in  the  Society 
Transactions,  one  by  Mr.  Edward  A.  Norman  in  1907,  and 
another  by  Mr.  Preston  S.  Millar  at  the  Boston  Convention  in 
1907,  on  indirect  methods  of  illumination.  The  values  given  are 
somewhat  similar  in  result  to  the  values  secured  here. 

In  the  New  York  Edison  Harlem  office  as  reported  by  Mr. 
Norman,  the  efficiency  of  the  cove  or  indirect  lighting  was  just 
over  46  per  cent,  of  that  of  the  direct  system.  The  theory  and 
effect  of  cove  and  indirect  methods  of  illumination  has  been 
endorsed  by  many  authorities  and  a  great  deal  has  been  said  in 
favor  of  these  systems ;  nevertheless  very  few  people  seem  to 
be  satisfied  with  the  results.  I  do  not  know  whether  it  is  be- 
cause of  an  apparent  lack  of  the  aesthetic  temperament  or  a 
failure  on  the  part  of  these  systems  to  deliver  practically  what 
may  seem  good  theoretically.  I  believe  that  the  kind  of  diffused 
lighting  characterized  as  shadowless  can  not  be  good,  because 
the  absence  of  shadows  is  neither  natural  nor  desirable. 

In  the  paper  reported  by  Mr.  Millar  the  diffused  lighting 
system  showed  only  28  per  cent,  of  the  illumination  of  the 
direct  lighting  system  effective  on  the  plane.  The  absorption 
by  the  first  reflecting  surface  was  not  so  much  responsible 
for  this  low  figure  as  was  the  method  itself,  large  losses  being 
due  to  multiple  diffuse  reflection  and  the  ineffectiveness  of 
rays  falling  at  small  inclinations  upon  the  surface  to  be  illumi- 
nated. It  was  found  in  a  test  reported  by  Mr.  Millar  that  on 
a  placard  on  the  wall,  when  viewed  at  a  distance  of  eight  or 
ten  feet,  thirty  times  as  much  light  was  required  to  enable  an 
observer  to  read  as  well  with  the  indirect  as  with  the  direct 
lighting  system.  This  result  was  due  to  pupilary  contraction 
caused  by  the  brilliantly  illuminated  walls  under  the  indirect 
system. 

A  test  was  also  made  at  that  time  with  a  number  of  different 
observers  who  were  allowed  to  specify  the  amount  of  illumina- 
tion they  desired  for  reading  both  with  the  direct  and  the  indirect 
systems.  The  results  showed  a  demand  for  65'  per  cent  higher 
intensity  by  diffuse  lighting  than  by  the   direct. 


i^ 
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The  cove  lighting  in  the  Edison  Auditorium  was  found  to 
be  objectionable  to  members  of  this  Society  when  the  New 
York  Section  meetings  were  held  in  that  room.  When  atten- 
tion was  called  to  it,  the  front  section  and  part,  if  not  all,  of 
the  side  lamps  were  cut  off  during  the  time  of  the  meetings. 

I  have  gone  over  a  number  of  reports  and  also  installations 
of  cove  lighting  and  am  unable  to  find  or  hear  anything  but 
adverse  criticism,  not  only  on  the  ground  of  inefficiency,  but 
also  because  the  method  is  not  satisfactory. 

With  the  system  described  in  the  paper  it  would  seem  that 
considerable  difficulty  would  be  experienced  because  of  dust. 
If  direct  lighting  systems,  where  the  lamps  and  shades  are  in 
plain  view  and  within  easy  reach,  are  permitted  to  deteriorate 
30  per  cent,  through  accumulations  of  dust,  one  may  expect 
a  greater  deterioration  from  a  system  where  the  condition  of 
lamps  and  reflecting  surfaces  is  not  so  readily  apparent. 

Mr.  Bartlett: — The  values  given  by  Mr.  Calvert  are  not 
directly  comparable.  The  prismatic  clusters  are  suspended  13 
ft.  from  the  floor,  whereas  the  ceiling  which  is  used  in  the 
indirect  lighting  equipment  is  26  ft.  The  comparison  would 
be  much  more  fair  if  the  ceiling  were  considerably  lower. 

Mr.  Calvert: — On  account  of  the  fact  that  the  prismatic  clus- 
ters are  equipped  with  2.5-watt  lamps  while  the  indirect  lighting 
fixtures  are  provided  with  1.25-watt  lamps,  the  systems  can- 
not be  directly  compared  on  a  basis  of  watts  per  sq.  ft. 

Mr.  Bond : — It  should  be  noted  that  the  system  described 
in  the  paper  differs  from  the  cove  lighting  system  in  that  in  the 
latter  the  illuminated  area  is  always  at  the  extreme  edge  of 
the  ceiling,  and  is  visible  from  all  positions  in  the  room,  while 
in  the  former  no  tangible  source  of  illumination  is  presented 
to  the  eye. 

Mr.  Simmonds : — The  cove  system  of  indirect  lighting  is  being 
used  with  success  for  church  lighting  at  Mauch  Chunk,  Penn. 
On  either  side  of  a  church  having  a  floor  area  of  50  ft.  by  75  ft. 
there  are  two  lines  of  straight  filament  i6-cp.  tubular  incan- 
descent lamps,  69  in  number,  placed  in  coves  24  ft.  from  the 
floor,  the  light  being  directed  to  an  arched  ceihng  35   ft.  high 
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in  the  center.  The  illumination  is  very  satisfactory  to  every 
one. 

Mr.  R.  C.  Bly : — In  the  system  described  the  efficiency  would 
probably  decrease  rapidly  due  to  the  collection  of  dust.  The 
closer  the  fixtures  are  placed  to  the  ceiling  the  better  is  the 
illumination,  but  the  more  difficult  is  the  cleaning  process.  The 
lowest  intensity  of  illumination  appears  to  be  directly  under 
the  lamp,  hence  the  system  seems  not  to  be  applicable  to  a 
dining  room  where  high  intensity  is  desired  on  the  table. 

Mr.  Calvert: — In  the  room  containing  four  fixtures,  the  in- 
tensity was  observed  to  be  greater  in  the  center  of  the  room 
than  directly  under  any  one  fixture.  Just  what  the  result  would 
be  in  a  smaller  room  with  one  fixture  in  the  center,  it  is 
difficult  to  predict,  but  the  reflections  from  light  side  walls  might 
increase  the  light  under  the  fixture. 

Mr.  P.  N.  Morton: — About  twelve  years  ago  I  tried  a  series 
of  experiments  with  diffused  lighting  and  lighting  by  trans- 
mission, the  results  showing  that  reflected  light  is  very 
tiring  to  the  eyes,  while  the  light  passed  through  a  surface 
such  as  an  opal  globe  is  most  restful  to  the  eyes. 

Mr.  Saunders: — About  ten  years  ago  Prof.  Blmer  Gates 
came  to  the  conclusion  that  the  trouble  with  reflected  light  is 
caused  by  polarization,  and  in  order  to  avoid  polarization  he 
employed  a  matted  surface  using  pigments  and  chemicals  on  the 
reflecting  surfaces.  He  claims  to  have  made  a  distinct  gain  in 
efficiency  by  changing  the  wave  length  of  the  light,  the  violet 
and  ultra-violet  rays  being  changed  to  the  other  end  of  the 
spectrum.  I  understand  that  Prof.  Gates  has  collected  a  large 
amount  of  data  but  has  not  published  the  results  of  his  obser- 
vations. 


ILLUMINATION  OF  THE  OFFICE  BUILDING  OF  THE 
PHILADELPHIA  ELECTRIC  COMPANY.^ 


BY    P.    H.    BARTIvE:TT. 


The  building  of  the  Philadelphia  Electric  Company,  located 
at  Tenth  and  Chestnut  Streets,  was  completed  in  the  Spring  of 
1907  and  was  especially  designed  to  serve  as  a  general  office 
building  for  the  Company,  the  possible  requirements  of  the 
Company  and  developments  of  the  business  for  a  number  of 
years  to  come  being  taken  into  consideration.  The  building 
consisted  of  seven  stories  and  a  basement;  it  has  a  frontage  of 
32  feet  on  Chestnut  and  Sanson  Streets,  229  feet  on  Tenth 
Street  and  rises  to  a  height  of  105  feet. 

The  main  entrance  of  the  building  is  on  Chestnut  Street  with 
a  side  entrance  on  Tenth  Street  generally  used  for  lamp  ex- 
change purposes,  and  a  rear  freight  entrance  on  Sanson  Street. 
The  entire  Chestnut  Street  front  of  the  first  floor  and  a  depth 
of  80  feet  on  Tenth  Street  is  composed  of  glass,  leaving  the 
entire  display  room  open  to  view  from  the  street  and  permitting 
the  entrance  of  a  flood  of  natural  light  during  the  day  time 
and  the  exit  of  a  flood  of  artificial  light  at  night. 

The  basement  of  the  building  contains  an  exhibition  room, 
a  dark  room,  mechanical  plant,  lamp  and  stationery  storage, 
locker  and  toilet  rooms,  etc. 

The  front  part  of  the  first  floor  is  used  as  a  display  room 
and  the  rear  is  devoted  to  general  office  purposes.  The  second, 
third,  fourth  and  fifth  floors  are  occupied  by  general  offices  and 
the  sixth  floor  contains  the  library.  Assembly  and  committee 
rooms  and  draughting  room. 

It  is  obvious  that  the  building,  fronting  on  three  streets,  ob- 
tains an  ideal  daylight  illumination,  while  even  the  basement 
receives  a  certain  amount  of  illumination  through  the  medium 
of  a  white-enamel  brick-lined  area-way  covered  with  an  iron 
grating   and    extending    along   the    entire   Tenth    Street    front. 

1  A  paper  presented  at  a  meeting  of  the  Philadelphia  Section  of  the  Illuminating 
Engineering  Societj'  November  20,  1908. 
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Under  these  conditions,  artificial  illumination,  is  generally  speak- 
ing, required  only  on  dark  days  or  towards  evening.  There- 
are,  of  course,  exceptions  in  some  few  cases  where  offices  are 
partitioned  North  and  South  and  where  men  are  working  at 
desks  located  towards  the  West  wall  and  away  from  the  source 
of  light. 

As  light  might  be  termed  one  of  the  principal  stocks  in 
trade  of  the  company,  the  artificial  illumination  of  the  building 
naturally  received  careful  attention  and  consideration  from  the 
officials  and  engineers  of  the  company.  This  question  was  a 
rather  more  complicated  problem  than  is  encountered  in  the 
lighting  of  the  ordinary  office  building  as  the  offices  are  irregu- 
lar in  size  and  many  of  the  rooms  are  used  for  more  or  less 
special  purposes,  requiring  more  or  less  special  treatment. 

The  general  idea  of  introducing  as  many  different  methods  of 
lighting  consistent  with  certain  standard  of  efficiency  was  fol- 
lowed, making  the  entire  illumination  of  the  building  more  or 
less  an  exhibition  of  such  methods,  which  are  fair  examples  of 
methods  in  which  customers  are  likely  to  be  interested. 

The  installation  of  different  systems  throughout  the  building 
was  necessary  as  it  was  undesirable,  from  an  artistic  stand- 
point, to  have  more  than  two  different  systems  of  illumination 
in  the  first  floor  display  room  and  the  ceiling  of  the  basement 
display  room,  was  too  low  to  permit  of  any  lighting  except  by 
the  scheme  later  described. 

A  room  lit  by  a  certain  type  of  lamp  and  fixture  in  this 
building  would  not,  of  course,  be  fully  indicative  of  the  effects 
to  be  obtained  with  the  same  outfit  in  another  room  of  differ- 
ent dimensions  and  wall  finishings,  but  anyone  not  familiar  with 
the  different  types  can  get  a  fair  general  idea  of  effects  and 
efficiencies. 

Another  phase  of  the  situation  which  had  to  be  taken  into 
consideration  was  the  promised  rapid  development  of  higher 
efficiency  units  of  different  types  and  it  was  necessary  so  to 
arrange  the  outlets  that  the  more  efficient  units  could  be  installed 
in  certain  parts  of  the  building  without  disturbing  the  general 
distribution.  It  was  with  these  ideas  in  mind  that  the  illumina- 
tion   was    originally    planned.     The    cdlings,    with   the    excep- 
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tion  of  the  basement,  being  all  over  11.5  ft.  permitted  a  wido 
range  in  variety,  including  cornice  lighting,  different  types  of 
fixture  lighting,  ceilings  studded  with  lamps,  cluster  lamps, 
concentric  diffuser  arc  lamps,  bracket  lighting,  etc.  Many  dif- 
ferent types  of  lamps  were  used,  including  carbon  and  round 
bulb  frosted  incandescent  lamps  of  different  candle-powers,  high 
efficiency  tantalum,   tungsten   and  Nernst  lamps. 

Endeavor  was  made  to  shield  all  of  the  light  sources  from 
the  eye  by  either  using  frosted  tip  or  in  some  instances  all 
frosted  lamps,  or  the  proper  type  of  shades  and  to  provide,  as 
far  as  possible,  general  illumination  of  sufficient  intensity  to 
render  individual  desk  lighting  unnecessary.  In  actual  prac- 
tice, however,  it  is  questionable  whether  this  is  economical  as 
the  alteration  of  the  position  of  a  desk  or  table  and  the  personal 
desires  of  the  different  men  have  to  be  reckoned  with. 

Furthermore,  on  a  dark  day  or  when  only  one  man  may  be  at 
work  in  an  office,  a  single  desk  lamp,  if  available  may  be 
sufficient,  whereas  if  no  provision  has  been  made  for  localized 
lighting,  part  or  all  of  the  entire  room  must  be  illuminated.  In 
the  private  offices,  therefore,  and  in  general  offices  where  the 
men  were  apt  to  be  more  or  less  in  or  out  during  the  day,  a 
sufficient  number  of  flush  receptacles  were  installed  to  permit 
of  individual  desk  lighting. 

The  illumination  figured  on  varied  from  0.5  to  3.0  or  more 
foot-candles,  depending  on  the  location ;  the  general  office  light- 
ing being  figured  for  from  2  to  3   foot-candles. 

The  building  has  been  wired  for  three-wire  110-220  volts 
direct-current  service,  and  alternating-current  service  has  also 
been  introduced,  furnishing  single-phase  and  two-phase  110-220 
volts  for  use  in  the  display  room,  dark  rooms,  and  for  experi- 
mental and  lecture  purposes  in  the  assembly  room. 

The  building  is  wired  in  conduit  and  the  construction  ren- 
dered it  necessary  to  provide  outlets  for  every  contingency,  as 
there  are  no  hollow  partitions  or  spaces  between  floors  and 
ceilings,  and  any  additions  consequently  have  to  be  made  with 
some  form  of  exposed  work. 

The  energy  for  the  general  lighting  of  the  building  is  sup- 
plied from  three  vertical  mains  extending  from  the  main  switch- 
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board  located  near  the  center  of  the  Tenth  Street  front  to  the 
seventh  floor  level.  These  mains  pass  through  a  panel  board  on 
each  floor,  from  which  the  circuits  for  only  the  particular  floor 
were  run.  A  number  of  additional  mains  were  installed  for 
display  room  lighting,  exhibits,  motors  and  signs,  some  of  these 
being  subdivided  to  permit  of  separate  metering. 

There  was  a  certain  uniformity  in  the  spacing  of  the  outlets, 
this  being  due  to  the  general  dimensions  of  the  rooms  and  the 
location  of  the  partitions;  this  condition  will  readily  permit,  by 
the  application  of  proper  units  and  shades,  the  changing  of  the 
lighting  in  any  room.  The  majority  of  the  outlets  are  con- 
trolled by  separate  switches,  the  only  exceptions  being  made  in 
a  few  of  the  larger  rooms  where  two  outlets  are  controlled  by 
a  single  switch.  All  of  the  switches  are  placed  at  the  door- 
ways, and  when  an  office  has  more  than  two  outlets  and  two 
entrances  a  switch  is  placed  at  each  door. 

No  special  difticulties  were  encountered  in  the  construction 
work,  with  the  exception  of  details  such  as  doors  being  hung 
differently  than  originally  proposed  which  placed  the  switches 
in  a  few  cases  on  the  wrong  side  of  the  door.  The  outlets 
were  installed  on  certain  centers  regardless  of  the  position  of 
beams,  resulting  in  some  of  the  fixtures  hanging  close  to  a 
beam,  while  others  were  more  or  less  centrally  located  between 
beams.  It  is  believed  that  the  general  appearance,  in  some  in- 
stances, would  have  been  improved  by  slightly  increasing  or 
decreasing  the  distance  between  outlets  and  permitting  all  of 
them  to   be   placed  centrally  between   beams. 

Most  of  the  panel  boards  used  throughout  the  building  are  of 
the  plug  fuse  type,  with  polished  copper  finish  on  black  enameled 
slate.  The  panel  controlling  the  basement  display  room  light- 
ing circuits  is  one  of  the  exceptions,  this  having  push  button 
switches  in  the  metal  trim  of  the  panel.  The  panel  boards  in 
the  first  floor  display  room  are  exceptions  and  are  also  worthy 
of  mention,  being  of  the  ordinary  knife  switch  and  enclosed  fuse 
type,  but  illustrating,  with  their  marble  and  gold  finished  metal 
trims,  that  a  panel  board  can  be  made  ornamental  as  well  as 
useful. 

In   the   basement   display   room,   which    has   a   low   ceiling — 
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only  9  ft. — and  where  a  good  general  illumination  was  de- 
sired, the  paneled  ceiling  was  studded  with  i6-cp.  round  bulb 
frosted  lamps  so  arranged  that  each  panel  may  be  lighted  sep- 
arately. These  lamps  are  placed  on  from  6-ft.  to  8-ft.  centres 
depending  on  the  paneling.  The  outlets  are  furnished  with  a 
spun  brass  canopy  and  the  receptacles  are  mounted  in  the  outlet 
box  permitting  the  lamps  to  hang  close  against  the  ceiling.  This 
arrangement  gives  a  uniform  illumination  of  0.9  ft.-candk  on  the 
floor  at  an  expenditure  of  1.09  watts  per  sq.  ft.  The  illumina- 
tion might  possibly  be  increased  somewhat  by  the  use  of  diffus- 
ing shades  and  frosted  tip  lamps,  but  as  the  ceiling  is  white, 
affording  a  good  reflecting  surface,  the  increased  efficiency  to 
be  obtained  by  the  shades  was  sacrificed  to  appearance. 

The  Capitols  of  the  two  columns  in  the  meeting  room  are 
equipped  with  bands  of  i6^cp.  round  bulb  frosted  lamps  of 
standard  size.  The  column  lighting  was  not  designed,  how- 
ever, for  use  in  conjunction  with  the  ceiling  lighting,  but  was 
installed  to  demonstrate  this  form  of  lighting  to  those  inter- 
ested and  also  to  furnish  a  certain  amount  of  general  illumination 
to  the  room  at  such  times  as  the  ceiling  lighting  was  unneces- 
sary. The  column  lighting  is  used  frequently  on  account  of  its 
decorative  effect,  and  of  the  possibilities  it  presents  of  eliminat- 
ing fixtures.  To  make  this  lighting  artistic,  however,  the  lamps 
must  be  placed  as  close  together  as  mechanical  conditions  will 
permit. 

The  dark  room  in  the  front  basement  is  illuminated  from 
three  ceiling  outlets,  controlled  by  three-way  switches,  one  lo- 
cated at  the  door  and  one  located  at  the  instrument  table.  The 
largest  of  these  rooms  has  been  equipped  with  a  standard  pho- 
tometer, and  the  necessary  instruments,  and  direct  and  alternat- 
ing current  and  also  gas  are  available  at  this  point.  This  room 
also  contains  two  booths  fitted  with  ceiling  outlets  and  adjusta- 
ble bar  outlets  for  comparisons  of  lamps  and  shades.  The 
smaller  room  is  equipped  with  a  number  of  color  boxes  for 
illustrating  in  a  crude  manner  the  effect  of  different  colored 
walls  on  illumination,  and  there  are  also  three  small  booths 
containing  respectively,  an  arc,  Nernst,  and  different  incan- 
descent lamps,  for  making  comparisons  of  the  effect  of  differ- 


760      TRANSACTIONS  OF  ILI^UMINATING  E:nGINE:e:rING  SOCIETY 

ent  illuminants  on  the  same  colors.  A  fairly  complete  list  of 
of  different  types  of  shades  and  lamps  completes  the  equipment 
of  these  rooms.  The  balance  of  the  basement,  consisting  of  the 
mailing  department,  mechanical  plant  room,  lamp  storage,  locker 
rooms,  etc.,  is  lit  with  individual  high  efficiency  units. 

The  first  floor  display  room  is  illuminated  by  four  specially 
designed  25-lamps  Italian  Renaissance  electroliers,  each  con- 
trolled by  two  switches.  The  use  of  these  fixtures  was  es- 
pecially desired  by  the  architect  as  a  finish  to  this  room,  and 
they  are  excellent  examples  of  an  artistic  fixture  designed  ex- 
clusively for  electric  light  work.  They  were  designed  originally 
for  round  bulb  frosted  lamps,  from  which  fairly  good  results 
were  obtained,  but  the  outer  row  of  these  lamps  was  later  re- 
moved and  adapters  with  40-watt  tungsten  lamps  and  shades 
were  installed,  which,  while  they  detract  somewhat  from  the 
general  appearance  of  the  fixtures,  are  naturally  much  more 
efficient  and  permit  the  display  of  tungsten  lighting  in  this 
room.  The  room  is  also  illuminated  by  178  round  bulb  i6-cp. 
frosted  lamps  located  in  the  soffit  panels  of  the  planacea  be- 
tween the  modillion  brackets  of  the  Corinthian  cornice.  These 
lamps  are  controlled  by  two  switches,  permitting  the  lighting  of 
every  other  lamp  or  the  entire  number,  as  may  be  desired.  The 
fixtures  and  the  cornice  work  provide  two  distinct  systems  of 
lighting  in  this  room,  the  fixtures  giving  an  average  illumination 
of  4.5'  ft. -candles  on  the  floor  and  the  cornice  an  average  of  2.1 
ft.-candles,  this  latter  being  very  uniform.  The  cornice  light- 
ing is  not,  of  course,  an  efficient  form  of  lighting,  but  is  decora- 
tive and  makes  a  soft  and  pleasing  illumination. 

The  lighting  of  the  windows  in  the  display  room  was  given 
some  little  thought,  it  being  at  first  considered  that  as  the 
windows  were  open  to  the  room  and  the  room  brilliantly  illumi- 
nated, the  window  lighting  would  perhaps  be  unnecessary.  Ow- 
ing to  the  construction  of  the  windows,  it  also  seemed  impossi- 
ble at  first  to  provide  any  means  of  lighting  that  would  not  be 
visible  either  from  the  inside  or  outside.  It  was  finally  de- 
cided, however,  to  install  a  mirror  window  reflector  of  a  slightly 
different  design  from  the  standard  in  the  hollow  transom  bar 
between  the  upper  and  lower  sections  of  glass,  thus  making  a 


BARTI.e:TT  :  II.I.UMINATION  OF  OFFICE  BUIIyDING  76T 

practically  concealed  form  of  lighting,  and  giving  an  average 
illumination  of  11.6  ft.-candles  on  the  floor  of  the  windows, 
the  measurements  being  taken  without  any  other  lighting  in  the 
room.  The  lighting  of  the  cashier  and  stock  transfer  offices, 
which  are  located  at  the  rear  end  of  this  display  room  and  are 
surrounded  by  j.^j  ft.  curved  wood  and  glass  partitions,  was 
also  the  subject  of  some  thought,  as  the  offices  could  not  be  lit 
from  the  ceiling,  and  it  was  necessary  to  furnish  a  certain 
amount  of  illumination  directly  on  the  desks  without  depend- 
ing upon  the  general  illumination  of  the  room.  The  desired 
result  was  finally  obtained  by  installing  i6-cp.  lamps  in  a  hori- 
zontal position  around  the  inside  of  the  top  of  the  partitions, 
supplemented  by  special  wall  brackets  on  the  side  walls.  The 
partition  outlets  are  equipped  with  a  husk,  canopy  and  green  half 
glass  shades,  the  side  brackets  being  equipped  with  prismatic 
reflector  globes  and  those  over  the  desks  with  green  glass  cone 
shades. 

Each  of  the  two  small  offices  immediately  in  the  rear  of  these 
rooms,  and  which  are  also  in  the  display  room  and  surrounded 
with  wood  and  glass  partitions,  was  lit  with  three  2-lamp 
side  brackets  equipped  with  prismatic  reflector  globes,  the  glass- 
ware being  especially  designed  for  side  wall  brackets  and  hav- 
ing the  reflecting  prisms  on  the  wall  side  and  diffusing  on  the 
other.  The  average  illumination  in  these  rooms  is  2.y  ft.-candles, 
with  an  expenditure  of  2.86  watts  per  sq.  ft. 

The  small  offices  located  south  of  the  display  room  parti- 
tion are  approximately  10  ft.  x  10  ft.  or  10  ft.  x  20  ft.  and  each 
10  ft.  section  is  illuminated  by  a  6-lamp  prismatic  cluster  sus- 
pended 8.5  ft.  from  the  floor  and  equipped  with  20-cp.  tantalum 
lamps.  The  same  scheme  of  lighting  is  carried  throughout  the 
balance  of  the  first  floor  with  the  exception  of  the  rear  entrance 
passageway,  which  are  lit  with  single  high  efficiency  lamps  hung 
at  the  same  level  as  the  clusters. 

The  solicitors'  room  on  the  second  floor,  having  dimensions 
of  56  ft.  X  20  ft.  is  illuminated  with  ten  2-glower  Nernst  lamps 
equipped  with  prismatic  hemispheres.  These  lamps  are  installed 
in  a  double  row  on  111.5  ft.  centres  at  a  clear  height  of  11.3  ft. 
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and  give  an  average  illumination  of  2.5  ft.-candles  for  1.69 
watts  per  sq.  ft. 

The  paymaster's  office  on  this  floor  is  illuminated  by  six 
high-efficiency  lamps  suspended  11. 3  from  the  floor  and  equipped 
with  reflectors.  The  area  illuminated  is  850  sq.  ft.  with  an 
expenditure  of  1.77  watts  per  sq.  ft.  and  an  average  illumina- 
tion of  2.1   ft.-candles. 

The  private  offices  throughout  the  building  are,  with  fe\v  ex- 
ceptions, illuminated  by  3-lamp,  4-lamp  and  5-lamp  fixtures  of 
a  standard  design  hung  8  ft.  from  the  floor  to  the  under  side 
of  the  lamps  and  equipped  with  i6-cp.  frosted  tip  lamps  and  pris- 
matic shades,  the  average  illumination  being  2.5  ft.-candles. 

The  general  office  on  the  third  floor  is  illuminated  with  six 
lamps  with  bowl-type  prismatic  reflectors.  This  room  is  15.5 
ft.  X  21.5  ft.  requiring  1.5  watts  per  sq.  ft.  with  an  intensity  of 
illumination  equal  to  2.4  ft.-candles.  The  two  rear  rooms  on 
this  floor  are  illuminated  with  4-lamp  and  6-lamp  prismatic 
clusters  equipped  with  i6-cp.  frosted-tip  lamps,  giving  an  aver- 
age intensity  of  3.1  ft.-candles. 

The  accounting  department  on  the  fourth  floor,  a  room  105 
ft.  long  and  27  ft.  wide,  presented  a  difficult  problem.  The 
high  desks  in  this  room  were  arranged  in  rows  East  and  West, 
leaving  a  passageway  about  6  ft.  wide  along  the  West  wall. 
The  purpose  for  which  the  room  was  to  be  used  required  good 
illuminations  so  obtained  that  there  would  be  as  little  reflection  as 
possible  from  the  ledgers  and  other  books  in  constant  use,  and  also 
no  shadows  on  the  books.  As  originally  laid  out  and  equipped, 
this  room  had  16  6-lamp  clusters  with  i6-cp.  frosted  lamps, 
and  incandescent  diffusers  for  general  illumination,  and  re-* 
ceptacles  were  provided  at  the  end  of  each  row  of  desks  to  per- 
mit of  some  individual  form  of  desk  lighting  where  necessary. 
It  was  found,  however,  that  any  form  of  desk  lighting  not 
located  above  and  behind  the  individual  was  objectionable  on 
account  of  the  reflection  from  the  paper  and  also  on  account 
of  the  desk  fixtures  interfering  with  the  opening  and 
closing  of  the  books.  As  the  desk  lighting  involved  either  hang- 
ing additional  lamps  from  the  ceiling  for  which  outlets  were  not 
provided,  or  installing  a  type  of  desk  fixture  which  presented 
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certain  mechanical  difficulties,  the  scheme  was  abandoned.  Fur- 
thermore, while  the  incandescent  diffuser  clusters  were  installed 
close  to  the  ceiling,  the  length  of  the  room  brought  them  well 
within  the  line  of  vision  and  the  whole  installation  was  more 
or  less  objectionable.  A  short  time  ago  the  lighting  of  this 
room  was  re-designed,  and  as  now  installed  there  are  192  20-cp. 
lamps  arranged  in  rows  of  eight  on  the  South  vertical  side  of 
the  ceiling  beams,  this  being  the  direction  in  which  all  of  the 
men  face.  These  lamps  are  installed  on  angle  receptacles  and 
equipped  with  prismatic  shades.  Four  half-rows  of  these  lamps 
are  controlled  by  a  switch,  permitting  the  lighting  of  sections 
or  the  entire  West  half  of  the  room,  which  lighting  is  required 
more  frequently  than  is  the  case  with  the  Eastern  or  window 
side  of  the  room.  The  illumination  on  the  working  plane 
averages  8  ft.-candles.  The  illumination  is  possibly  somewhat 
higher  than  is  necessary  but  is  extremely  pleasing. 

In  the  president's  suite  in  which  the  ceilings  are  furred  down, 
some  specially  designed  fixtures  were  used.  In  the  president's 
room  a  dome  fixture  equipped  with  a  loo-cp.  lamp  and  prismatic 
hemisphere  surrounded  by  6  pendants  containing  i6-cp.  round- 
bulb  frosted  lamps  was  installed  in  the  center  and  four  husks  and 
canopies  with  50-cp.  lamps  were  installed  in  the  corners.  The 
ceiling  of  this  room  is  somewhat  low  for  its  size,  and  it  was 
necessary  to  provide  an  even  illumination  and  keep  the  lamps, 
as  far  as  possible,  out  of  the  line  of  vision. 

The  library  on  the  sixth  floor  of  the  building  is  equipped 
with  four  6-lamp  prismatic  clusters  having  32-cp.  lamps,  and 
a  number  of  flush  wall  and  floor  receptacles  were  installed  for 
reading  lamps.  The  average  illumination  on  a  reading  plane  in 
this  room  is  3.36  ft.-candles. 

The  assembly  room  on  the  sixth  floor  is  illuminated  with 
7.5-amp.  arc  lamps  equipped  with  concentric  diffusers,  the  body 
of  the  lamp  passing  through  the  ceiling,  allowing  the  dififuser 
to  bear  directly  against  the  ceiling.  This  form  of  illumination 
was  made  possible  by  the  existence  of  a  loft  over  the  room, 
from  which  the  lamps  may  be  lowered  for  trimming.  Each  of 
the  six  lamps  used  is  controlled  by  a  separate  switch  and  is 
also  operated  by  a  solenoid   switch  controlled   by  push-buttons 
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located  in  different  parts  of  the  room.  The  absence  of  shadows, 
a  characteristic  of  this  form  of  illumination,  is  shown  in  this 
room,  although  the  intensity  of  the  illumination,  is  possibly 
higher  than  is  necessary  for  general  meeting  purposes,  the 
average  being  2.31  ft. -candles  on  a  reading  plane.  This  was 
the  only  room  in  the  building  in  which  arc  lighting  could  be 
successfully  used. 

The  draughting  room  in  the  rear  of  the  assembly  room  is 
lit  by  lamps  with  concentric  prismatic  reflectors  placed  30  in. 
above  the  drawing  boards. 

The  economical  lighting  of  the  halls  at  a  reasonable  first 
cost  required  consideration,  as  they  are  necessarily  long  and 
the  only  daylight  received  is  from  the  pressed  glass  windows 
in  the  office  partitions.  The  third  floor  may  be  taken  as  repre- 
sentative ;  in  the  front  hall,  four  lamps  with  reflectors  are  used, 
and  in  the  center  and  rear  halls  lamps  with  reflectors  are  in- 
stalled on  approximately  20-in.  centers,  the  front,  center,  and 
rear  each  being  controlled  by  separate  switches  on  each  floor. 
This  arrangement  provides  an  illumination  of  .7  ft.-candle 
which  is  more  than  sufficient  for  the  purpose. 

An  auxiliary  system  of  night  lamps  was  installed  in  the 
form  of  torch  brackets,  one  at  the  head  and  foot  of  each 
stairway,  and  one  at  the  South  end  of  the  halls,  thus  placing 
three  lamps  on  each  floor.  These  outlets,  together  with  the  red 
exit  lamps  at  the  fire  tower  doors,  the  lamps  on  the  fire  tower 
balconies  and  the  lamps  on  each  half-pace  landing  of  the  fire 
tower,  are  controlled  from  separate  panels  located  in  the  first 
floor  and  basement. 

The  illumination  of  the  toilets  and  vaults  are  haidly  worthy 
of  mention,  with  the  exception  that  the  ceiling  fixtures  and 
brackets  used  in  the  toilets  are  of  plain  white  enamel  finish,  and 
the  vault  lighting  is  arranged  with  the  switch-controlled  flush 
receptacle  located  on  the  outside  at  the  door  of  each  vault, 
the  connection  to  the  vault  wiring  being  made  by  a  flexible 
cord  which  is  carried  through  the  vault  doorway  when  open. 
By  this  means  there  can  be  no  circuit  in  the  vault  when  the  door 
is  closed. 

No   permanent   illumination   of   the   exterior   of   the   building 
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has  been  provided  with  the  exception  of  six  massive  torch  form 
of  brackets  located  on  the  main  piers  of  the  building  on  the 
Chestnut  and  Tenth  Street  fronts.  Each  of  these  brackets 
contains  a  loo-cp.  tungsten  lamp  enclosed  in  a  sand  blasted  globe 
and  might  be  considered  more  as  an  architectural  feature  of  the 
building  than  a  means  of  illumination  although,  of  course,  it 
assists  in  a  large  measure  in  brightening  up  the  exterior.  A 
cluster  lamp  is  also  suspended  from  the  fire  tower  balcony  on 
the  Sanson  Street  front  of  the  building  for  general  illumina- 
tion purposes. 

The  three-glower  Nernst  lamps  installed  around  the  cornice 
of  the  building  were  part  of  an  exterior  decorative  scheme  in- 
stalled for  some  special  occasion  and  were  retained  semi-perma- 
nently  as  a  means  of  illuminating  the  upper  part  of  the  building. 
This  arrangement  proves  good  advertising  and  relieves  the  strong 
contrast  which  would  exist  between  the  brilliantly  lit  lower  and 
dark  upper  part  of  the  building. 

Four  mains  for  exterior  lighting  have  been  installed  from 
the  basement  to  the  roof,  and  brass  capped  outlets  have  been  left 
outside  of  the  building  on  each  floor  from  each  of  these  mains. 
Each  outlet  leads  into  a  cutout  panel  located  immediately  inside 
on  each  floor,  thereby  providing  an  easy  method  of  flooding 
the  exterior  of  the  building  with  any  form  of  decorative  light- 
ing, as  many  as  3,000  lamps  having  been  installed  on  diflPerent 
occasions  without  any  feed  wires  being  visible. 

Much  of  the  lighting  of  the  building  does  not,  of  course, 
represent  the  most  efficient  practice  today,  and  this  fact  is 
illustrative  of  the  rapid  advances  made  in  the  production  of  the 
higher  efficiency  units. 

A  table  showing  the  illumination  data  in  a  number  of  the 
rooms  is  appended. 
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UGHTING  IN  THE  ROGER  WILUAMS  BUILDING.^ 


BY    ARTHUR    J.    ROWI^AND. 


The  Roger  Williams  Building  is  a  seven  story  store  and  office 
building,  just  erected  at  the  northwest  corner  of  Seventeenth 
and  Chestnut  Streets,  Philadelphia,  and  occupying  a  lot  44 
ft.  X  118  ft.  It  has  a  steel  concrete  framework,  and  fireproof 
construction  throughout.  The  ceilings  are  plaster  on  wire  lath; 
generally  furred  down  from  the  concrete  slabs.  The  partitions 
are  of  hollow  terra  cotta  tile.  The  first  floor  is  the  book 
store  of  the  American  Baptist  Publication  Society;  the  base- 
ment is  their  stock  room  and  shipping  department;  on  the 
second  floor  the  officers  of  the  company  have  their  quarters, 
and  at  the  rear  there  is  an  assembly  hall  about  40  feet  square; 
the  third  to  the  seventh  floor  inclusive  are  rented  to  tenants, 

No  steam  plant  is  installed  in  this  building  except  for  heating. 
Energy  for  passenger  and  freight  elevators,  pumps,  and  nec- 
essary motors  for  machinery,  as  well  as  for  lamps,  comes  from 
electric  service  over  central  station  mains.  The  lighting  con- 
tract with  the  Philadelphia  Electric  Company  calls  for  the 
installation  of  at  least  1000  i6-cp.  lamps,  or  the  equivalent.  The 
electric  lighting  throughout  the  building  is  done  by  the  aid  of 
prismatic  glass  shades.  The  building  is  piped  for  gas  through- 
out. All  electric  wires  are  carried  through  iron  conduits,  laid 
for  the  most  part  in  the  same  place  as  that  used  for  floor 
sleepers. 

Since  the  building  faces  on  three  streets,  no  trouble  at  all  is 
experienced  in  securing  ample  daylight  illumination.  The  light 
for  the  store  is  secured  through  the  large  window  space  availa- 
ble above  the  show  windows  of  the  first  floor,  so  that  for  the 
greater  part  of  the  year  during  business  hours  no  artificial 
light  whatever  is   required. 

OI^FIC^    AND    CORRIDOR    LIGHTING. 

The  problem  which  the  architects  set  themselves  in  arranging 

1  A  paper  presented  at  a  meeting  of  the  Philadelphia  Section  of  the  Illuminating 
Engineering  Society,  November  20,  1908. 
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lighting  for  the  building  was  to  plan  so  that  in  case  subdivision 
of  rooms  should  later  be  made,  it  could  not  happen  that  difficul- 
ties would  arise  in  the  lighting  of  the  subdivided  rooms.  At 
the  same  time  they  sought  to  plan  so  that  as  little  expense 
as  possible  might  be  put  into  the  distributing  system  for  light- 
ing. 

The  majority  of  offices  in  the  building  are  18  ft.  x  24  ft.,  the 
shorter  dimension  being  along  the  outside  wall.     Two  ceiling 
outlets  were  placed  on  the  long  axis  of  the  room  12  ft.  apart, 
and  one  plug  receptacle  was  placed  in  the  baseboard  on  each 
side  of  each  office.     Referring  to  the  ceiling  outlets,  the  speci- 
fication calls  for  ''Gang  switches  for  two  sets  of  buttons  for 
these  lamps  each  button  must  control  three  lamps  at  each  out- 
let of  a  given  office."     This  arrangement  was  made  so  that  in 
case  of  subdivision  of  rooms  to  9  ft.  x  24  ft.,  one  switch  would 
control  the  lamps  for  each  room;  two  3-lamp  fixtures  are  used 
in  each,  the  partition  wall  running  below  the  outlets  originally 
installed.     On  the  corridor  side  of  the  office    (the  i8-ft.  side") 
there    are    four   transoms,    the    door    going   under   the    second 
one  so  that,  in  case  of  subdivision,  entrance  to  both  offices  may 
be  secured  without  changing  the  entrance.     The  intention  was 
to  provide  switch  control  which  would  answer  for  either  the 
large  office  or  the  two  small  ones,  as  might  be  required.  This  plan 
has  been  partially  defeated  by   the  particular  swing  given  the 
office   door,   and,   where  subdivision  has  been   made,   a   special 
switching  device  has  had  to  be  provided  for  one  of  the  offices. 
In  planning  the   office   fixtures,   keeping  in   mind  the  above 
matters,   it  was   decided  to   use  3-lamp   fixtures,   each  carrying 
a  1 00- watt  Gem  lamp  with  a  prismatic  shade.     In  case  of  sub- 
Vlivision  of  offices  the  same  fixtures  should  be  used,  the  lamps 
being  changed  to   50-watt  lamps,  and  shades  to  a  proper  size. 
The  second  reason  for  choosing  this  arrangement  of  fixtures  lies 
in  the  fact  that  had  six  i6-cp.  lamps  been  used  in  any  ordinary 
fixtures,   the   illumination   on    the   working   plane    in   the   office 
would  have  run  between  the  Hmits  of  2.5  ft.-candles  under  the 
lamps   to    scarcely   more   than   0.5    ft. -candle    at   the   side   wall. 
While   with    lOO-watt  lamps   and   shades   the   illumination   runs 
about  4  ft.-candles  under  the  lamps  and  nearly  2.25  at  the  side 
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walls,  reflection  from  the  walls  not  being  counted  in  either 
case.  Considering  the  fact  that  in  most  offices  the  most  impor- 
tant lighting  is  at  desks  which  are  along  the  sides  of  the  room, 
this  arrangement  of  fixtures  was  considered  best,  even  though 
the  illumination  is  after  all  strongest  in  the  middle  of  the  room 
where  it  is  of  little  account. 

In  the  corridors  prismatic  shades  were  used  on  loo-watt 
lamps,  the  reflector  being  frosted,  partly  on  account  of  the  dis- 
tribution of  the  light  secured,  and  partly  since  a  small  fixture 
with  only  one  socket  was  required  in  locations  where  other- 
wise two  sockets  would  have  been  made  use  of. 

In  the  corridors  and  offices  the  lamps  were  in  all  cases  kept 
close  to  the  ceiling,  the  height  being  12  ft.  on  the  third  story 
and  9  ft.  on  other  floors. 

In  the  upper  floors  of  the  building  a  neat  arrangement  has 
been  used  in  handling  the  distribution  system.  On  the  dark 
side  of  the  building — away  from  Seventeenth  Street — and  on  the 
outer  wall  opposite  the  stairway  is  the  stack  from  the  heating 
boilers ;  next  it — coming  toward  the  corridor — is  a  pipe-well 
for  steam,  gas,  and  water  pipes ;  next  to  it,  and.  opening  from 
the  corridor  on  each  floor  is  a  small  closet,  through  which 
closet  access  is  secured  by  a  second  door  to  the  pipe-well.  As 
one  opens  the  door  of  this  closet  from  the  corridor,  he  finds 
against  the  left  wall  telephone-cables  and  distributing  boxes. 
On  the  right  wall  is  the  conduit  for  the  general  electrical  dis- 
tribution in  the  building  and  the  panel  board  of  simple  construc- 
tion with  plain  iron  door  to  control  the  circuit  distribution  of 
that  particular  floor.  This  method  of  construction  makes  the 
distributing  system  very  accessible,  hides  the  distributing  boards 
and  panel  board  from  a  location  otherwise  conspicuous  along 
the  corridors,  and  makes  it  possible  to  do  a  large  amount  of  the 
kind  of  work  necessary  in  the  routine  operation  of  the  building 
without  in  any  way  coming  to  the  attention  of  the  tenants 
as  they  pass  through  the  corridors. 

ASSEMBIvY    HAIvI.    I.IGHTING. 

The  assembly  hall,  already  mentioned,  is  finished  without 
any  attempt  at  ornate  or  unusual  features.  The  lighting  is  done 
by  lamps   used   with   prismatic    shades,    the   fixtures   being   set 
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quite  close  to  the  ceiling.  It  had  been  planned  to  use  6-lamp 
ceiling  fixtures  and  some  side  brackets,  two  of  the  brackets 
flanking  the  platform.  These  two  last  named  were  omitted 
and  3-lamps  fixtures  with  the  lamps  already  mentioned  placed 
at  the  points  where  outlets  had  been  installed. 

The  illumination  is  not  quite  so  high  as  might  be  desirable, 
but  the  wires  are  as  heavily  loaded  as  the  rules  of  the  Code 
will  permit.  With  high  efficiency  lamps  it  will  not  be  difficult 
in  the  future  to  increase  the  illumination. 

BOOK   STORE  LIGHTING. 

The  book  store  occupies  the  first  floor  of  the  building.  Along 
the  side  and  at  the  end  a  mezzanine  floor  or  gallery  is  introduced. 
The  i8-ft.  ceiling  of  the  main  store  permits  this  arrangement 
with  a  ceiling  height  of  8.5  ft.  beneath  the  mezzanine  floor 
and  9  ft.  above  it.  The  width  of  the  main  store,  inclusive  of  the 
space  occupied  by  the  mezzanine,  is  about  2.6  ft.  The  lighting 
fixtures  are  placed  on  lo-ft.  centres  across  this  space  and  on 
i8-ft.  centres  in  the  other  direction,  this  last  distance  being 
dictated  by  the  arrangement  of  the  ceiling  panels.  The  special 
object  in  view  was  so  to  arrange  the  lighting  that  fairly  uniform 
illumination  might  be  obtained  and  at  the  same  time  a  customer 
would  not  cast  his  shadow  over  the  goods  he  was  inspecting  at 
a  book  shelf  or  at  the  display  tables.  In  the  main  store  an 
illumination  of  from  3.5  to  4  ft.-candles  was  planned  to  be  se- 
cured by  either  gas  or  electric  lighting.  The  room  has  an 
i8-ft.  ceiling  and  it  was  desired  to  avoid  a  large  expense  for 
light,  and  at  the  same  time  to  hold  a  spacious  appearance  in  the 
room.  This  last  requirement  would  necessitate  fixtures  close 
to  the  ceiling,  in  which  position  of  course  the  largest  consump- 
tion of  electric  energy  or  gas  would  be  necessary  to  produce  the 
desired  illumination.  In  making  the  computations  necessary 
it  was  found  that  if  the  lamps  were  placed  3  ft.  from  the  ceil- 
ing a  very  slight  additional  expense  would  be  incurred  in  oper- 
ating them  above  that  which  would  be  found  if  they  were  6  ft. 
from  the  ceiling.  This  result  is  due  to  the  fact  that  with  lamps 
higher  from  the  floor  the  loss  in  illumination  immediately  below 
a  fixture  is  fairly  well  made  up  by  the  additional  light  delivered 
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from  other  fixtures  in  the  installation.  It  was,  therefore,  de- 
cided to  place  the  lamps  3  ft.  from  the  ceiling,  or  15  ft.  from 
the  floor.  The  lamps  are  Gem  units  with  appropriate  prismatic 
shades,  five  being  in  use  on  each  fixture.  The  electric  power 
used  is  about  3.1  watts  per  square  foot  of  floor  surface.  Each 
fixture  also  contains  five  Welsbach  burners  in  5-in..  sand-blasted 
globes.  By  this  arrangement  it  is  difficult  to  distinguish  be- 
tween gas  and  electric  light  when  the  fixtures  are  not  lighted. 
Since  it  is  never  expected  to  use  both  kinds  of  lighting  at  once, 
difference  in  color  of  light  is  of  small  importance. 

With  the  gas  lamps  placed  so  high,  special  means  are  nec- 
essary to  turn  them  on  and  off.  Fixtures  are  therefore  con- 
trolled in  two  groups  by  cocks  in  the  supply  pipes,  these  cocks 
being  located  in  a  convenient  place  on  the  mezzanine  floor, 
where  also  is  found  a  jump-spark  gas-igniting  equipment.  Every 
gas  burner  is  equipped  with  the  necessary  sparking  device,  and 
as  an  extra  precaution,  is  entirely  insulated  from  the  fixture  by 
a  porcelain  piece  2.5  in.  long,  which  is  concealed  by  a  spun  orna- 
ment on  the  fixture.  In  case  it  should  happen  that  on  an  individual 
fixture  a  mantle  should  burn  out  or  some  accident  make  it  desir- 
able to  turn  off  the  gas  there,  a  main  plug  cock  is  installed  at 
the  lowest  point  of  the  fixture  which  can  easily  be  reached  from 
the  floor  of  the  store. 

On  the  mezzanine  floor  lamps  were  placed  to  fall  into  line 
with  those  in  the  main  store  and  to  give  abundant  light  for 
book-keepers  and  clerks'  use.  Four  Gem  lamps  are  used  in  each 
fixture  and  two  Welsbach  burners.  The  lamps  are  installed 
18  in.  from  the  ceiling,  so  that  products  of  combustion  will  make 
no  marks  on  the  finished  ceiling  while  the  pilot  burner  arrange- 
ment enables  the  gas  to  be  ignited  by  pull  of  the  chain  when- 
ever desired. 

Under  the  mezzanine  floor  the  low  ceiling  made  it  imprac- 
ticable to  install  gas  burners  and  therefore  the  fixtures  are 
placed  very  close  to  the  ceiling  and  equipped  with  2.5-in.  spheri- 
cal frosted  incandescent  lamps. 

STORK   WINDOW    LIGHTING. 

The  store  windows  are  lighted  by  regular  show-window  re- 
flector  lined   with  mirror  glass,   in  which   are   installed  20-cp. 
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Gem  lamps  on  8-in.  centres.  Reflectors  have  been  installed 
only  along  the  outside  line  of  the  windows  with  the  purpose  in 
view  that  by  such  arrangement  it  would  be  impossible  for  any- 
one to  stand  on  the  sidewalk  and  see  any  part  of  a  reflector  or 
any  bare  lamp.  The  lamps  are  arranged  on  two  circuits  so 
that  on  ordinary  evenings  half  illumination  may  be  used.  The 
amount  of  illumination  in  the  wind:^ws  has  not  been  determined. 
The  arrangement  used  was  the  result  of  experimental  work  with 
various  methods ;  comparison  being  upon  a  basis  of  equal  watts 
per  foot,  and  cost  of  installation.  The  window  design  was 
made  without  reference  to  placing  lamps  in  it.  This  has  made 
it  impossible  to  locate  the  reflector  so  that  it  would  be  inconspicu- 
ous. In  order  to  conceal  the  lamps  and  yet  save  the  cost  of  a 
valence,  the  window  curtains  are  kept  lowered  about  15  in., 
except  when  the  windows  are  being  washed.  Later  a  deep 
valence  will  be  installed  in  corner  windows  so  that  an  observer 
looking  in  from  Chestnut  Street  will  not  see  the  lamps  on  the 
Seventeenth  Street  side,  or  vice  versa. 

LAMPS   AND   FIXTURES. 

The  lamps  in  use  throughout  the  building  are  such  as  are 
furnished  on  a  free  renewal  basis  by  the  Philadelphia  Electric 
Company.  However,  the  fixtures  have  been  so  planned  that  it 
would  be  an  easy  matter  to  change  the  equipment  to  more 
highly  efficient  lamps,  should  the  change  seem  warranted,  at 
any  time  in  the  future. 

The  fixtures  in  the  building  were  designed  by  the  Horn  and 
Brannen  Mfg.  Co.  to  the  specifications  of  the  illuminating  engi- 
neer. The  architecture  of  the  building,  particularly  in  the  store, 
was  Elizabethan,  and  the  fixtures  were  designed  to  be  expressly 
in  agreement  with  this  style.  The  fixtures  have  shown  a  high 
order  of  excellence  both  from  the  artistic  result  achieved  and 
the  mechanical  methods  used.  Office  fixtures  were  finished  to 
match  the  building  hardware;  toilet  room  fixtures  to  match 
the  fittings  there;  and  main  store  fixtures  made  especially  to 
agree  with  the  architectural  style. 
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